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PREFACE 

TO  THE  THIBD  EDITION. 


The  First  and  Second  Editions  of  the  Introduction  to  Geology 
were  favourably  received,  and  sold  off,  soon  after  their  pubiica- 
tion.  The  work  has  since  been  translated  and  published  in  Ger- 
many, by  Mr.  Frederick  Muller  of  Friburg ;  but  it  has  been  long 
out  of  print  in  this  country.  The  causes  which  have  retarded 
the  publication  of  a  Third  Edition  it  is  unnecessary  to  mention : 
the  delay  has,  I  trust,  been  favourable  to  its  appearance  in  a  vety 
improved  state ;  as  I  have  been  collecting  materials  for  it,  during 
several  years,  having  visited  almost  every  situation  of  much  geo- 
logical interest  in  our  own  island,  from  the  Land^s  End  in  Corn- 
wall, to  the  Grampian  Mountains  in  Scotland ;  and  passed  part 
of  three  years  in  examining  the  geology  of  Savoy,  Switeerland, 
and  France.  There  is  scarcely  a  rock  formation  described  in  the 
present  volume,  that  I  have  not  examined  in  its  native  situation) 
and  compared  with  the  descriptions  of  former  geologists.  I  have 
also  had  opportunities  of  examining  the  collections,  and  of  profit- 
ing by  the  communicatiK>ns,  of  some  of  the  most  eminent  geolo- 
gists on  the  Continent. 

While  engaged  in  these  pursuits,  I  have  not  been  inattentive 
to  the  labours  of  other  observers.  So  numerous  and  interesting 
are  the  discoveries  made  in  geology  during  the  last  ten  years, 
that  in  order  to  present  a  concise  view  of  the  science  in  its  pres- 
ent advanced  state,  the  Introduction  to  Geology  has  been  recom- 
posed,  and  all  the  Chapters  are  greatly  enlarged. 

The  following  new  Chapters  have  been  added : — Chap.  ii.  On 
Fossil  Organic  Remains.  Chap.  iv.  On  the  Principles  of  Stratifi- 
cation. Chap.  X.  A  Retrospective  View  of  Geological  Facts. 
Chap,  xviii.  On  the  Destruction  of  Mountains;  and  on  the 
Bones  of  Land  Quadrupeds,  found  in  Diluvial  Depositions  and 


/ 
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in  Caverns.  Chap.  xix.  On  the  Formation  of  Valleys ;  and  on 
Deluges  and  Denudations. — The  Plates  are  new,  except  Plate  iv. 
and  part  of  Plate  vii.  The  Outline  Map  of  the  Geology  of 
England  and  Wales,  was  I  believe,  when  published  in  the  First 
Edition  of  1813,  the  only  geological  map  of  England  that  had 
then  appeared.  It  presents  in  one  view  the  grand  geological 
divisions  of  the  country,  without  delineating  the  different  strata 
in  each  division.  Mr.  William  Smith  has  since  published  a  map 
of  the  Geology  of  England,  which  possesses  extraordinary  merit, 
when  it  is  considered  as  the  unaided  attempt  of  one  person,  to 
trace  the  course  of  each  rock  formation  through  England  and 
Wales.  Mr.  Greenough,  and  other  members  of  the  Geological 
Society  of  London,  have  subsequently  published  a  geological 
map  of  England  and  Wales.  This  map,  from  the  great  variety 
of  its  useful  details,  and  its  general  correctness,  may  be  regarded 
as  the  most  complete  exhibition  of  the  geology  of  an  extensive 
country,  that  has  yet  appeared.  It  was  thought,  however,  that 
Ibe  publication  of  my  Map  in  its  original  form,  (or  nearly  so,) 
lUFOuld  be  acceptable  to  those  who  wished  to  gain  a  general  knowl- 
edge of  the  geology  of  their  own  country,  without  entering  into 
geological  details  -,  and  that  it  would  also  serve  as  a  useful  intro- 
duction to  the  study  of  the  above-mentioned  maps. 

In  the  course  of  the  present  work,  I  have  frequently  attempted 
to  elucidate  the  geology  of  England,  by  comparisons  with  situa- 
tions I  have  examined  on  the  Continent,  in  order  to  connect  the 
geology  of  our  own  island,  with  that  of  France,  Switzerland,  and 
Savoy. 

By  comprising  the  numerous  facts  and  observations  contained 
in  the  present  volume,  within  the  limits  of  an  elementary  work, 
from  the  desire  to  be  concise,  I  may  have  run  the  risk  of  becom- 
ing obscure :  this  I  have  studiously  endeavoured  to  avoid ;  my 
chief  aim  being  to  present  the  reader  with  a  system  of  Geology, 
Which  shall  explain  geological  phenomena  in  a  clear  and  intelligi- 
ble manner,  and  as  free  from  technical  obscurity  as  the  nature  of 
the  subject  would  admit.  In  order  that  the  price  may  not  exceed 
thai  of  the  last  Edition,  this  work  is  printed  in  a  smaller  type. 
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For  any  errors  into  which  I  may  have  inadvertently  fallen,  I  would 
claim  the  candid  indulgence  of  the  reader,  in  the  last  words  of 
that  distinguished  geologist  Horace  Benedict  de  Saussure,  **'  On 
peut  Hre  uiUe^  ions  aiteindre  d  la  petfection.^'* 

I  shaH'Concliide  with  some  obsenrations  on  the  means  of  ad- 
vancing geological  knowledge.  In  a  conversation  I  had  with 
that  experienced  geologist  Professor  Brochant  at  Paris,  on  this 
snbjeotr-^be  said :  ^  We  dre  already  sufficiently  rich  in  fiicts, 
what' is  now  wanting,  is  an  accurate  review  of  these  facts :  many 
geological. descriptions,  on  which  much  stress  continues  to  .be 
laid,  were  written  in  an  early  stateof:  the  science,  and  require 
soah^eorrectioni,  as  a  comprehensive  view.of  recent  discoveries 
GOuM  .scarcely  fail  to  suggest  I  should  recommend.  Sir,  that 
two  i^tive  yiHug  men,  competently  instructed,  should  be  sent 
out  to  examine  all  the  most  remarkable  situations  .deacribed  by 
former  geologists,  and  to  note,  down  their  observations  on  the 
spot.  They  should  travel  together,  not  only  for  the  sake  of  mu- 
tnal' comfort  mad  assistance,  in  the  solitary  situations  they  might 
have  tO' visit,  but  in  the  examination  of  dubious  phenomena,  that 
die  observations  of  the  one  might  correct  or  confirm  those  of  the 
other*" — These;  remarks  of  M.  Brochant,  which  I  have  given  as 
correctly  as  my  memory  and  the  diiTerence  of  language  would 
allow,  wdl  deserve  the  attention  of  all  Greological  Societies.* 

What  appears  to  me  much  wanted  to  clear  up  several  dubious 
points  in  Geology,  is  a  series  of  experiments,  to  ascertain  the  rela^ 
tive  position  and  connection  of  certain  rocks.  This  in  some  in- 
stances might  be  effected,  by  employing  workmen  to  open  out 
the  edges  of  strata:  other  cases  would  require  shafts  to  be  sunk, 
and  passages  to  be  driven  into  the  sides  of  mountains.  Such 
experiments  would  be  attended  with  expense ;  but  they  would 
reward  us  by  the  discovery  of  important  facts,  which  must  others 
wise  remain  for  ever  unknown. 


*  A  Geological  Map  of  France  if  at  present  in  progren,  under  the  direction  of 
VrcUmor  Brochant. 

Hampttends  near  London,  March  tO,  1828. 
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In  traciDg  the  progress  of  knowledge,  we  may  frequently  ob- 
serve that  the  cultivation  of  particular  branches  of  science  at 
certain  periods,  was  determined  by  causes  which  had  littb  con* 
nection  with  their  intrinsic  utility.  Fashion,  caprice,  and  the  aa- 
thority  of  eminent  names,  govern  mankind  in  philosophy,  as  weD 
as  on  all  other  subjects.  But,  independently  of  accidental  cans* 
es,  there  are  leading  objects  in  the  universe,  which,  as  nations 
advance  in  civilization,  seem  naturally  to  direct  their  attention  to 
certain  sciences  in  succession.  The  brilliancv  of  the  sun,  moon, 
and  planets,  their  various  motions,  and  connection  with  tbe 
changing  seasons,  would  first  arrest  the  attention  of  the  rude 
philosopher ;  nor  need  we  wonder,  that  he  soon  began  to  regard 
them  as  endowed  with  life  and  intelligence,  and  attributed  to 
them  a  mysterious  power  over  human  affairs :  thus  the  heavenly 
orbs  became  the  objects  of  religious  adoration ;  and  curiosity, 
hope,  and  fear,  lent  their  aid  to  the  early  cultivation  of  astronomy. 

Mathematics  and  mechanical  philosophy  are  so  intimately  con- 
nected with  astronomy  and  the  most  useful  arts,  that  they  natur- 
ally claimed  the  second  place  among  the  early  sciences. 

The  branches  of  philosophy  which  comprise  a  knowledge  of 
the  physical  qualities  of  matter,  or  such  as  are  perceptible  by  tbe 
senses,  follow  next ;  and  at  a  later  period,  chemical  philosophy  or 
that  science  which  endeavours  to  ascertain  the  elementary  sub- 
stances, of  which  all  material  objects  are  composed.  In  the  or- 
der of  succession,  mineralogy  and  geology  are  the  last  of  the  nat- 
ural sciences;  for  though  an  acquaintance  with  the  earth  is  more 
important  to  man  than  a  knowledge  of  the  distant  parts  of  the 
universe ;  yot,  previously  to  the  cultivation  of  the  other  sciences, 
and  of  chemistry  in  particular,  our  knowledge  of  the  mineral 
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kingdom  could  not  extend  much  beyond  that  of  the  rudest  peri- 
ods. Thus  we  find  that  notwithstanding  the  precious  metals, 
and  many  of  the  mineral  treasures  which  the  earth  contains, 
have  been  the  objects  of  insatiable  cupidity  in  every  age,  yet,  till 
the  present  day,  almost  all  that  was  known  of  mineralogy,  was 
confined  to  uneducated  working  miners. 

In  looking  over  the  pages  of  history,  we  may  observe  that  the 
most  polished  nations  of  antiquity  had  scarcely  advanced  beyond 
a  limited  acquaintance  with  astronomy,  geometry,  and  mechan- 
ical philosophy.    In  modern  Europe,  all  the  natural  sciences, 
geology  and  mineralogy  excepted,  have  been  successfully  cultiva- 
ted, and  their  progress  has  been  astonishingly  rapid;  but  till 
about  the  middle  of  the  last  century,  the  structure  of  the  earth 
had  scarcely  engaged  the  attention  of  philosophers.    Near  that 
time,  Lehman,  the  German,  first  observed  that  there  are  certain 
rocks  which  occupy  the  lowest  relative  situation  in  different 
countries,  and  that  these  rocks  contain  no  organic  remains : 
hence  he  gave  them  the  name  of  primary,  and  established  a  di- 
vision between  them  and  the  rocks  by  which  they  are  covered, 
in  which  the  remains  of  animals  or  vegetables  frequently  occur : 
the  latter  he  called  secondary.    In  our  own  country,  ;the  Rev.  J. 
Michell,  was  the  first  person  who  appears  to  have  had  any  clear 
views  respecting  the  structure  of  the  external  parts  of  the  earth : 
they  were  made  public  in  a  valuable  paper  on  the  cause  of  earth- 
quakes, in  the  Philosophical  Transactions,  1759.    About  twenty 
years  afterwards,  Mr.  John  Whitehurst  published  his  ^^  Inquiry 
into  the  original  State  and  Formation  of  the  Earth.^^    His  ob- 
servations were  principally  confined  to  the  rocks  and  strata  of 
Derbyshire.     Independently  of  its  speculative  opinions,  this  work 
was  highly  valuable,  as  an  attempt  to  describe  the  geology  of  a 
district,  from  actual  examination.    The  great  variety  of  original 
information  it  contained,  and  its  general  accuracy,  will  remain  a 
lasting  monument  of  the  writer's  industry  and  ability.    Mr.  White- 
hurst, however,  fell  into  the  same  error  with  the  celebrated  Wer- 
ner in  Saxony,  an  error  to  which  the  first  cultivators  of  geology 
were  particularly  exposed, — that  of  drawing  general  conclusions 
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from  local  observatioos,  and  forming  univ^sal  theorie«  firooi  m, 
limited  number  of  facts. 

Though  Mr.  Whitehurst^s  book  was  favourably  receiwd,  yet 
till  the  beginning  of  the  present  century,  geological  piirsoils  made 
Uttle  progress  in  England.  On  the  continent,  the  retearehes  of 
Saussure,  Pallas,  Werner,  St.  Fond,  Dolomieu,  and  others,  hsd 
before  this  time  produced  a  powerful  interest,  and  brought  into 
the  field  many  active  and  enlightened  inquirersi  The  first  gea- 
eral  impulse  given  to  the  puUic  taste,  for  geological  investigatiooB 
in  this  country,  was  produced  by  Professor  Playfair^s  himinei» 
and  eloquent  illustrations  of  the  Huttonian  theory.  The  leading 
feature  of  this  theory,  that  all  rocks  or  strata  have  been  either 
formed  or  consolidated  by  central  subterranean  fire,  was  very 
Warmly  opposed ;  and  much  personal  animonty  and  many  adveo- 
titioos  circumstances  were  associated  with  the  contest,  not  htgMy 
honourable  to  philosophy,  but  well  calculated  to  keep  alive  the 
attention  of  the  disputants,  to  those  appearances  in  nature,  which 
favored  or  opposed  their  different  theories. 

He  who  attempts  to  make  a  scientific  subject  familiar,  runs  the 
risk  in  this  country  of  being  deemed  superficial :  a  plentiful  share 
of  dullness,  combined  with  a  certain  degree  of  technical  precis- 
ion, are  regarded  as  essential  proofs  of  profimdity.  By  prescrip- 
tive right,  long  established  in  these  realms,  dullness  and  pedantry 
guard  the  portals  of  the  temple  of  Science,  and  command  those 
who  enter,  to  avert  their  eyes  from  whatever  can  elevate  the  im- 
agination, or  warm  the  heart,  and  to  look  at  nature  through  a 
sheet  of  ice.  In  compliance  with  their  authority,  writers  of  in- 
troductory  treatises,  have  generally  thought  it  necessary  to  avoid 
that  felicity  in  the  familiar  illustration  of  scientific  subjects,  so 
conspicuous  in  some  of  the  elementary  works  of  our  neighbours. 
Without  venturing  to  depart  too  far  from  established  usage,  I 
have  endeavoured  to  render  geology  more  intelligible,  by  avoid- 
ing as  much  as  possible  theoretical,  and  technical  language,  and 
by  introducing  a  simple  arrangement,  suited  to  the  present  state 
of  our  knowledge.  The  local  illustrations  from  various  parts  of 
our  island,  with  the  drawings,  sections,  and  map  in  the  present 
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vohime,  will  I  trust  facilitate  the  study  of  geology,  and  prove  par- 
ticularly acceptable  to  those  who  are  entering  on  these  inquiries: 
at  the  same  time,  I  flatter  myself  with  the  hope,  that  the  original 
mformation  this  work  contains,  respecting  the  geology  and  nat- 
ural history  of  England,  will  secure  it  a  candid  reception. — Edp- 
tkmof  1813. 

'  •  Several  have  been  deterred  from  the  study  of  geology  by  the 
supposed  difficulty  of  learning  its  attendant  science,  mineralogy ; 
but  an  acquaintance  with  the  nice  distinctions  made  by  many 
modem  mineralogists,  is  not  necessary  to  gain  a  knowledge  of 
ihe  structure  and  arrangement  of  the  great  masses  of  matter 
that  environ  the  globe,  nor  of  the  substances  of  which  they  are 
composed.  He  who  would  gain  a  useful  knowledge  of  geology, 
would  do  well  to  provide  himself  with  specimens  of  common 
rocks,  and  the  simple  minerals  of  which  they  are  composed,  and 
examine  their  external  characters  and  physical  properties,  com- 
paring them  with  the  description  given  by  the  best  mineralogical 
writers.  Fortunately  these  substances  are  not  very  numerous, 
and  he  may  (without  present  inconvenience)  omit  the  more  rare 
crystallizations  and  varieties,  so  much  valued  by  cabinet  philoso- 
phers ;  for  here,  as  in  many  other  instances,  the  received  value, 
if  in  an  inverse  ratio  of  the  utility.  The  pedantic  nomenclature, 
and  frivolous  distinctions  recently  introduced  into  mineralogy, 
may  gratify  vanity  with  a  parade  of  knowledge ;  but  they  are 
unconnected  with  objects  of  real  utility,  or  with  any  enlarged 
views  of  nature. 

On  hearing  the  various  names  which  mineralogists  give  to  the 
same  substance,  and  observing  the  avidity  with  which  each  new 
name  is  seized,  as  if  it  conveyed  a  hidden  charm,  the  uninitiated 
mightsuppose,  that  he  was  ^^  journeying  in  the  land  of  Shinar,^'  and 
had  fallen  in  company  with  a  set  of  masons  fresh  from  the  tower  of 
Babel,  each  one  calling  the  same  stone  by  a  different  name,  and 
glorying  in  his  absurdity.  Such  frivolities  disgust  men  of  sense 
with  the  study  of  an  important  and  interesting  science;  a  sci- 
ence that  has  for  its  immediate  object,  the  structure  of  the  plan- 
et wbicb  the  Author  of  nature  has  destined  for  our  abode,  and  an 
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acquaintance  with  the  situation  of  its  various  mineral  productions, 
subservient  to  the  wants  or  enjoyments  of  man  in  civihzed  society. 
The  advice  of  Cicero  to  the  cultivators  of  moral  science  ap- 
plies with  peculiar  force  to  the  geologists  and  mineralogists  of 
the  present  day.  **  In  these  natural  and  laudable  pursuits,  two 
errors  are  particularly  to  be  avoided  :  the  first,  not  to  confound 
those  things  of  which  we  are  ignorant  with  those  we  know,  or 
rashly  to  yield  our  assent  without  due  investigation ;  the  second, 
not  to  bestow  too  much  labour  and  study  on  obscure,  intricate, 
and  unprofitable  subjects.^^  ^'  In  hoc  genere  et  naturali  et  ho- 
nesto,  duo  vitia.  vitanda  sunt :  unum,  ne  incognita  pro  cognitis 
habeamus,  bisque  temere  assentiamur  (quod  vitium,  eflfugere  qai 
volet  adhibebit  ad  considerandas  res  et  tempus  et  diligentiam.) 
Alterum  est  vitium,  quod  quidam  nimis  magnum  studhim  multam- 
que  operam  in  res  obscuras  atque  difficiles  confi^runt,  easdem- 
que  non  necessarias." — Cic.  Offic.  i.  6. 


PREFACE 

TO  THE  AHERICAN  £DinOX« 


-  Gbolog7  has  become  an  interestiog  and  important  branch  of 
human  knowledge. 

It  18  founded,  exclusively,  on  observation,  and  availing  itself  of 
.all  accessible  sources  of  information,  it  has  already  accumulated 
an  astonishing  amount  of  valuable  and  instructive  facts. 

It  is  subservient  to  very  important  purposes  in  human  society, 
and  furnishes  a  ceaseless  fund  of  entertainment  and  instruction  to 
the  observer  whose  curiosity  is  directed  by  sufficient  information. 
The  facts  of  the  science  are  entirely  independent  of  the  Iheoret- 
ical  speculations,  which  are  often  built  upon  them ;  and  will  re* 
main  unimpaired  in  value,  when  some  of  those  speculations  have 
passed  into  oblivion. 

The  editor,  believes  that  he  is  performing  a  service  to  his  coun* 
try,  by  encouraging  the  republication  of  a  work,  conspicuous  for 
attractiveness — for  perspicuity — for  a  style  generally  vigorous  and 
correct — often  eloquent  and  beautiful ;  and  for  an  independence 
of  spirit,  which  carries  the  author  straight  forward  to  his  object, 
certainly  without  any  servile  regard  to  previous  systems.  While 
bestowing  this  merited  commendation,  we  do  not  mean  to  say, 
that  we  fully  adopt  all  the  author^s  theoretical  views,  although 
most  of  them  appear  to  be  philosophical  and  just,  and  some  of 
them  are  peculiarly  hap(>y.  We  know  not  of  any  work  on  geo- 
logy, which,  as  an  introduction^  can  be  perused  with  more  ad- 
vantage than  this. 

We  trust  that  the  author,  still  vigilantly  watching  the  progress 
of  the  science,  (no  where  supported  by  such  liberal  and  active 
patronage  and  by  so  many  gifted  cultivators  as  in  his  own  coun- 
try,) will,  at  no  distant  day,  furnish  a  still  more  extended  edition, 
enriched  with  new  facts  and  views. 


/ 

Xii  FREFACE  TO  THE  AMERICAN  EDITION. 

Perhaps  it  may  have  been  expected,  that  id  the  present  edi- 
tioDf  more  facts  relating  to  American  Geology  would  have  been 
introduced.  This  would  have  been  done,  to  a  much  greater  ex- 
tent, had  not  the  annunciation  of  Professor  Eaton^s  American 
Geology,*  authorized  us  to  expect  the  fuller  performance  of  this 
duty  by  him,  and  with  a  direct  reference  to  a  comparison  with 
the  Geology  of  the  Eastern  Continent 

Speaking  in  the  character  of  a  public  instructor  of  youth,  I 
beg  leave  to  add,  that  my  immediate  motive  for  recommending 
this  republication,  was,  that  I  might  place  in  the  bands  of  my 
own  classes,  a  comprehensive  treatise  on  geology,  which  they 
would  be  witting  to  read,  and  Me  to  understand :  I  have  been 
induced  also,  with  the  view  of  rendering  my  own  course  of  in- 
struction in  this  science  more  intelligible  and  useful  to  them,  to 
add,  in  an  appendix,  (although  with  some  repetition  of  ideas 
contained  in  the  author'^s  text,)  an  outline  of  some  of  the  princi- 
pal topics,  which  I  am  accustomed  to  discuss,  in  my  public  lec- 
tures on  geology ;  not  wishing  however  to  attach  more  impor- 
tance to  my  own  deductions,  than  may  be  fairly  justified  hy  facts ^ 
which,  when  they  are  accurately  ascertained,  and  faithfully  re- 
ported, constitute  the  true  riches  of  geology,  although  theory  has 
also,  as  in  other  cases,  an  appropriate  and  important  value. 

B.  SILLIMAN. 
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*  American  Journal  of  Science  and  Arts,  Vol,  XIV,  p.  400. 
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which  prevented  the  further  extension  of  the  oolite  and  lias  to  the  north-west.       856 
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DESCRIPTION  OF  THE  PLATES. 


PLATE  V. 

THE  oiOAirric  TmiLOBiTK  of  the  natural  lize  (to  face  the  Htle,) 

From  a  speeimen  in  fStie  AQthor*8  collection.^This  specimen  was  taken  from  the 

slate  quarries  at  Angers  in  France.    The  animal  has  received  Ae  name  of  Ogyges ; 

tt  is  supposed  to  be  one  of  Ac  oldest  inhabitants  of  the  globe.    The  living  animal 

which  resembles  it  the  most,  is  the  Monoculus  Apus. 

PLATE  I. 
Fig.  1.  2.8. 4. 6. 6.  Illustrations  of  plane  and  curved  stratification.  (See  Chap.  IV.) 

PLATE  IL 

Fig.  1.  Overlapping  strata  with  straight  edges. 

Ftg.  6.  Overlapping  strata  with  curved  edges. 

Fig.  2.  Structure  of  a  part  of  the  Alps,  representing  the  beds,  nearly  vertical,  that 
approach  die  central  range,  and  the  bended  stratification  of  the  outer  ran- 
ges. The  dotted  lines  represent  tfie  supposed  extension  of  the  beds  at  the 
period  of  their  elevation,  d  d.  granite  und  mica-olate.  c  e.  beds  of  soft  slate. 
aaa.bb.  beds  of  limestone,  sandstone,  and  conglomerate. 

Fig.  4.  A  section  representing  the  arrangement  of  the  rocks  and  strata  at  Cham- 
wood  Forest  in  Leicestershire,  fivm  the  manor  of  Whitwick,  to  near  Bar- 
row-on-Soar.  In  this  section  the  proportions  of  distance  are  disregarded, 
in  order  to  bring  the  different  rock  formations  within  the  space  of- the  plate. 
a  a  a,  stratified  sandstone,  b  b,  rocks  of  granite,  slenite,  and  porphjny* 
e  e.  slate-rocks  of  Swithland  quarry ;  the  beds  much  elevated,  d  d.  coal 
strata,  rising  towards  the  granitic  and  slate-rocks,  e.  lias,  covering  the  red 
marie.  It  is  obvious  from  thb  arrangement,  that  the  strata  of  sandstone 
a  a  a,  were  deposited  upon  the  slate-rocks  and  granite,  after  the  beds  had 
been  raised  into  their  present  position ;  whereas  in  Fig.  2.  the  beds  a  a. 
have  evidently  been  deposited  before  the  beds  of  granite  in  the  Alps  were 
elevated ;  and  as  these  beds  a  a.  are  of  more  recent  formation  than  the 
sandstone  a  a.  in  Fig.  4.  their  position  proves  decidedly,  that  the  beds  of 
granite  in  the  Alps,  were  elevated  after  the  beds  of  granite  and  slate  in 
Leicestershire.     (See  Chap,  X.) 

Fig.  3.  A  granite  vein  in  slate. 

Fig.  6.  The  remaining  portion  of  a  thick  bed  of  limestone  forming  an  isolated  mass 

b.  on  a  mountain  in  Savoy,    a  a.  the  former  extent  of  a  bed.    e  e.  a  bed  of 

soft  sandstone. 

PLATE  III. 

Fig.  1.  The  conformable  position  of  rocks,  a.  granite.  &  gneiss,  c.  mica-slate.  c{  (^. 
slate.  X  X.  a  subordinate  bed  of  limestone  on  slate.  2.  a  bed  of  conglomer- 
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ate.  e  e.  tmnsitioD  limestone  tnd  greywmcke.  e.  upper  coogiomerate.  f  p. 
coal  strata. 

Fig.  2.  A.  Unconfiirmable  masslTe  roeks.  A  tfiick  bed  ef  porphyry  or  baealt,  c.  c. 
corering  the  traiisitioo  rocks  1.  2.  8.  and  dykes  of  porphry  or  basalt  intersec- 
ting transitkm  rocks.^N.B.  The  porphjrry  at  Christiania  in  Norway  occurs 
in  this  position;  the  k>wer  part  of  it  is  amygdakidal  basalt;  the  middle  pait 
porphyritic,  which  passes  in  the  upper  to  beautUul  sienite  and  commoo  gran- 
ite. (See  page  142.)  The  rocks  n.  on  the  right,  represent  the  three  modes 
of  basalt  \—%  columnar  bed,  dL  with  a  Tortical  dyke  of  basalt,  and  bedeof 
interposed  basalt  ft.  is  an  isolated  cap  of  columnar  basalt 

Fig.  8.  Unconformable  strata  of  sandstone,  oorering  coal  strata  on  tiie  Mt  of  the  dip 
B.  and  on  the  side  of  the  rise  D.  (See  page  180.) 

Fig.  4.  A  section  representing  the  general  arrangement  of  the  strata  near  Dudley. 
A.  Wren's  Nest  Hill,  a,  h,  two  elevated  beds  of  limestone,  the  lower  of 
whieh  is  woi^ed  by  horitontal  passages  over  each  other.  The  beds  of 
limestone  are  folded  round  the  hill,  as  represented  in  the  small  compart- 
ment, B.  which  is  an  horizontal  section  of  the  two  beds  of  limestone  o,  h* 
The  thirty  feet  bed  of  Staflbrdshire  coal,  c.  is  seen  cropping  out  near  Urn 
foot  of  Wren's  N«8t  Hill.  b.  the  arrangment  of  the  limestone  strata  at  Dud- 
ley Castle  Hill.  d.  a  hill,  capped  with  basalt  In  diis  section  the  propor- 
tion of  distance  has  been  disregarded,  for  the  same  reason  as  in  Plate  2. 

fig.  4. 

PLATE  rv. 

Fig.  1.  Arrangement  of  the  strata  from  Sheffield  in  Yorkshire  to  Castletoo  in  Der- 
byshire. (See  page  67.) 

Fig.  2.  Coal  strata,  arranged  in  basin-shaped  concavities,  and  intersected  by  a  fault . 
(See  page  118.) 

Fig.  8.  Coal  strata  thrown  up  by  a  broad  dyke.    (See  pages  114  and  115.) 

Fig.  4.  Metallic  veins,  a  a.  a  vein  divided  by  the  vein  hh,  c  c.  a  pipe  vein. 

Fig.  6.  Metallic  veins  in  limestone,  cut  through  by  toadstone. 

PLATE  VI. 

Outline  Map  of  tiie  Geology  of  England  and  Wales,  and  t  sectkm  of  die 

Vale  of  Thames. 

PLATE  VU. 

Fig.  1.  A  section  of  England  dntNigh  Durham  and  Cumberland.  The  remaining  fig- 
ures in  this  plate  are  sections  and  ground  plans  of  metallic  veins,  (See  Chap- 
tor  XVII.)  and  a  group  of  columnar  trap-rocks. 

WOOD  CUTS. 

The  Volcanic  Mountain  of  Pariou, page  267. 

Fall  of  Mont  Grenier, page  816. 


DimBCTIOirS   TO  THE   BXITDBR. 

TheGlgintle  tiiloMto,  to  faee  the  tide. 

Plate  I.  II.  UI.  IV.  VL  VII.  fe  fne  Chapter  I. 
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INTRODUCTION  TO  GEOLOGY, 


CHAPl'ER  I.  !: : 

• 

Objects  of  the  Science  denominated  Geology. — ^The  Shape  and  Density  of  the  Earth.-- 
Opinions  respecting  the  internal  Parts  of  tiie  Globe. — Sea  and  dry  Land. — Propor* 
tlon  of  the  Earth's  Surface  habitable  by  Man. — On  the  Appearances  which  led 
to  the  first  Division  of  Rodcs  into  Primary  and  Secondary. — Classification  of 
Rocks.— Districts  in  which  the  different  Classes  appear  in  England. — The  pres- 
ent Islands  and  Continents  formerly  covered  by  the  Ocean. — ^Existing  Proofs  of 
tills  in  Great  Britain  and  various  Parts  of  the  World. — Fossil  Remains  of  marine 
Animals,  Vegetables,  and  land  Quadrupeds;  the  Strata  in  which  they  are  imbed- 
ded formed  in  Succession  at  difierent  Epochs^ — On  human  Bones  occasionally  im- 
bedded in  Rock. — Inferences  respecting  the  ibrmer  Condition  of  the  Globe. — 
Remarkable  Passage  in  the  Institutes  of  Menu. 

.  There  are  perhaps  few  persons  possessed  of  much  curiosity 
in  early  life,  to  whom  the  following  question  has  not  frequently 
presented  itself — What  is  the  world  made  of?  Now  this  question, 
with  certain  conditions,  comprises  the  most  important  objects  dP 
geological  research  ;  namely,  What  are  the  substances  of  which 
the  Earth  is  composed  ?  What  is  the  order  in  which  they  are 
arranged?  What  are  the  changes  they  appear  to  have  under- 
gone ? — But  how  are  satisfactory  answers  to  these  mquiries  to  be 
obtained  ? 

When  we  examine  the  terrestrial  globe,  where  the  solid  parts 
are  uncovered  and  exposed  to  our  view,  we  observe  vast  masses 
of  rock  or  stone  lying  in  apparent  confusion  on  each  other ;  or, 
should  we  perceive  some  regularity  in  their  position  and  arrange- 
ment, we  soon  lose  sight  of  it  again  by  the  intervention  of  other 
rocks.  In  this  department  of  nature  all  seems  vast,  unshapen, 
and  chaotic ;  but  let  us  not  be  discouraged,  for  we  may  recollect 
that  the  grandest  objects  in  the  material  universe,  seldom  present 
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•  • 


to  the  hasty  jC\^i^  of  the  superficial  observer,  immediate  proofs 
of  order  or;A^ign. 

The  sl^p)t6rd  who  first  discovered  that  the  planets  were  not  fix- 
ed in  tb&hfmvens,  and  noticed  their  apparently  intricate  wander- 
ings ^amohg  the  stars,  could  not.  possibly  anticipate  the  regular- 
ity and- harmonious  simplicity  of  their  movements,  which  subse- 
qo!^  observations  have  demonstrated. 

;  ^.Jbet  us  then  endeavour  to  ascertain  by  what  means  we  may  be- 
.^..cbme  acquainted  with  the  structure  of  the  soUd  covering  of  our 
/  .  \globe.    Were  these  means^bounded  by  the  power  of  man  to  pen- 
/  *.   etrate  below  the  surface,  our  knowledge  must  ever  remain  very 
limited  and  imperfect ;  but  natural  operations  have  greatly  facil- 
itated our  inquiries,  and  have  broken  the  rocky  pavement  of  the 
globe,  and  raised  up  or  laid  bare  the  mineral  substances  of  which 
it  is  composed.    By  an  attentive  examination  of  the  situations 
where  the  rocks  and  strata  are  thus  exposed  to  our  research,  wc 
lay  the  foundations  of  the  science  denominated  Geology. 

Geology  is  derived  fi-om  two  Greek  words,  tv  "  the  earth"  and 
xvfii  "  reason"  and  signifies  the  Science  of  the  Eartl).  Werner 
and  his  disciples,  and  also  some  of  the  French  geologists,  have 
changed  the  term  into  Geognosy  ;  but  for  this  change  no  suffi- 
cient reason  can  be  assigned,  and  it  is  contrary  to  established 
analogies  of  language.*  Philosophers  in  former  ages,  neglect- 
ed the  examination  of  the  earth,  and  contented  themselves  with 
vain  speculations  respecting  its  formation ;  whereas  the  only  prop- 
er answer  to  the  question,  How  was  the  world  made  ?  is  briefly 
this — "  By  the  almighty  power  of  its  Creator."  We  may  howev- 
er be  permitted,  and  indeed  we  are  almost  irresistibly  impelled 
to  inquire  into  the  nature  of  the  secondary  causes,  that  have  been 
operative  in  reducing  the  surface  of  our  globe  to'its  present  state. 
This  inquiry  comprises  what  may  properiy  be  denominated  Spec- 
ulative Geology.    Nor  is  this,  as  some  assert,  entirely  useless :  the 


*  Nothing  can  be  m<Mre  unmeaning  than  the  apologies  that  have  been  oflfered  for 
•abstituting  Twots  (gnona)  "  knowledge,"  for  xo7o(  (logos)  '*  reason."  By  the  same 
rale  we  ought  to  change  meteorology,  physiology,  &c.  into  meteorognosy,  physf- 
ogBosy,  lie. 
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advocates  of  particular  systems  have  engaged  in  an  adire  exam- 
ination of  nature  to  support  their  opinions,  and  have  ^^  compas* 
sed  sea  and  land  to  gain  proselytes  :*^  thus  numerous  facts  have 
been  discovered,  with  which  we  should  not  have  been  acquaint- . 
ed  had  they  remained  idle  in  their  studies. 

The  earth  is  now  well  known  to  be  one  of  those  globular 
bodies  caHed  planets,  that  revolve  round  the  sun  in  orbits  nearly 
circular,  and  in  stated  periods  of  time  which  bear  a  certain  ratio 
to  their  respective  distances  from  it  They  turn  round  their  axes 
with  different  degrees  of  velocity;  and  this  motion  appears  to 
have  had  considerable  influence  on  their  external  shape,  by  en- 
enlarging  their  equatorial  diameters ;  they  are  not  perfi^t  spheres, 
but  are  more  or  less  flattened  at  their  poles. 

In  the  planet  Jupiter,  the  velocity  of  the  equatorial  parts  is 
more  than  four  hundred  miles  per  mmute,  whilst  in  the  same  time 
the  equatorial  parts  of  the  Earth  have  moved  only  seventeen  miles. 
A  difference  between  the  polar  and  equatorial  -diameter  of  Ju- 
piter is  perceptible  with  a  telescope  that  has  a  distinct  magnify- 
ing power  of  a  hundred  times,  and  it  is  ascertained  to  be  as 
twelve  to  ^irteen.  The  equatorial  diameter  of  the  earth  exceeds 
its  polar  about  twenty-seven  miles ;  the  length  of  the  equatorial 
diameter  being  seven  thousand  nine  hundred  and  twenty  seven, 
that  of  the  polar  seven  thousand  nine  hundred  miles. 

The  relative  density  of  the  sun,  the  earth,  and  of  the  other 
planets,  is  estimated  by  the  attractive  force  which  they  exert  on 
each  other,  as  they  move  round  their  common  centre  of  gravity. 
The  absolute  density  or  the  quantity  of  matter  contained  in  the 
earth,  compared  with  an  equal  bulk  of  any  known  substance, 
may  be  nearly  determined  by  the  attractive  force  which  any 
given  mass  of  matter  exerts  upon  a  plummet  (when  suspended  in 
its  vicinity)  to  draw  it  from  a  vertical  line.  This  will  be  proper* 
tional  to  the  absolute  quantity  of  matter  in  that  mass  compared 
with  that  of  the  earth.  By  this  method,  it  has  been  found  that 
the  mean  density  of  the  earth  is  about  five  times  greater  than 
that  of  water,  or  nearly  twice  the  average  density  of  the  rockj 
and  stones  on  the  surface. 


4  PROPORTION  OF  HABITABLE  LAND 

Hence  it  may  be  inferred  that  the  interior  part  of  the  earth  is 
solid ;  or,  if  it  be  cavernous,  the  solid  matter  must  possess  great 
density.  It  is  not  improbable  that  iron,  nearly  in  a  metallic  state, 
may  be  one  of  the  constituent  parts  of  the  central  mass,  and  to 
this  it  may  owe  its  magnetic  polarity. 

Dr.  Halley  has  written  a  very  ingenious  paper  in  the  Philo- 
sophical Transactions,  to  prove  that  the  earth  is  a  hollow  sphere, 
in  which  there  is  inclosed  a  central  magnetic  globe,  and  by  the 
motions  of  this  globe  the  variations  of  the  magnetic  needle  are 
produced.  The  celebrated  French  astronomer  Laplace  asserts 
that  the  nutation  of  the  earth^s  axis,  and  experiments  on  the  vi- 
bration of  the  pendulum,  indicate  that  the  mineral  beds  of  which 
our  planet  is  composed,  increase  in  density  as  they  approach 
nearer  to  its  centre,  at  least  to  a  certain  depth  from  its  surface. 
There  are,  however,  terrestrial  phenomena,  such  as  the  rapid 
transition  of  motion  to  very  distant  parts  of  the  earth^s  surface 
during  violent  earthquakes,  which  would  render  probable  the 
existence  of  interior  cavities  filled  with  fluid  or  gaseous  mat- 
ter, extending  from  one  quarter  of  the  globe  to  the  other,  and 
from  the  lower  parts,  to  near  the  surface.  It  is  evident  that  we 
have  no  means  of  verifying  or  invalidating  hypotheses  respecting 
the  nature  and  structure  of  the  central  parts  of  the  globe.  The 
matter  thrown  up  from  vast  and  unknown  depths  by  subterranean 
fires  is  similar  to  that  of  many  rocks  on  the  surface ;  but  we  know 
not  what  changes  it  has  undergone,  or  what  substances  were  sep- 
arated from  it  by  fusion. 

It  is  however,  the  study  of  the  crust  of  the  globe  that  is  the 
proper  occupation  of  the  Geologist ;  and  the  greatest  depth  to 
which  he  can  extend  his  observations  from  the  uppermost  strata, 
to  the  very  lowest  beds  that  have  been  raised  up  or  laid  bare  by 
these  natural  operations  which  have  formed  mountains  or  valleys, 
is  less  than  eight  miles ;  a  thickness  which  compared  with  the 
bulk  of  the  earth  itself,  does  not  exceed  that  of  a  coat  of  var- 
nish upon  an  artificial  terrestrial  globe.  Were  we  to  bear  this 
eufficiently  in  mind,  the  mighty  catastrophes  which  have  changed 
the  surface  of  the  globe  in  former  periods,  and  have. left  traces 


TO  THE  SURFACE  OF  THE  GLOBE.  5 

of  their  action,  appalling  to  the  imagination,  would  cease  to  ex- 
ceed the  sober  measure  of  belief. 

The  superficies  of  our  planet  is  calculated  to  contain  about 
one  hundred  and  ninety  millions  of  square  miles ;  but  could  we 
be  raised  to  a  sufficient  height  above  the  earth,  so  as  to  have  its 
whole  enlightened  hemisphere  for  our  horizon,  we  might  perceive 
as  it  revolved  under  our  feet,  how  small  a  portion  is  fitted  for  the 
habitation  of  man.  More  than  three  fifths  of  the  earth^s  sur- 
face are  covered  by  the  ocean  ;  and  if  firom  the  remaining  part 
we  deduct  the  space  occupied  by  polar  ice  and  eternal  snow,  by 
sandy  deserts,  steril  mountains^  marshes,  rivers  and  lakes,  the 
habitable  portion  will  scarcely  exceed  one  fifth  of  the  whole  of 
the  globe.  Nor  have  we  reason  to  believe  that  at  any  former  pe- 
riod, the  dominion  of  man  over  the  earth  was  more  extensive 
than  at  present.  The  remaining  four  fifths  of  our  globe,  though 
untenanted  by  mankind,  are  for  the  most  part  abundantly  stock- 
ed with  animated  beings,  that  exult  in  the  pleasure  of  existence, 
independent  of  human  control,  and  no  way  subservient  to  our 
necessities  or  caprice.  Such  is  and  has  been  for  several  thou- 
sand years  the  actual  condition  of  our  planet ;  nor  is  the  consid- 
eration foreign  to  our  subject,  for  hence  we  may  feel  less  reluc- 
tance in  admitting  the  prolonged  ages  or  days  of  creation,  when 
numerous  tribes  of  the  lower  orders  of  aquatic  animals  lived 
and  flourished,  and  left  their  remains  imbedded  in  the  strata  that 
compose  the  outer  crust  of  our  planet. 

The  ocean  has  been  an  important  agent  in  effecting  vast 
changes  on  the  surface  of  our  globe,  which  will  be  afterwards 
considered.  The  average  depth  of  the  sea  has  been  differently 
estimated  ;  according  to  Laplace  this  depth  cannot  be  less  than 
ten  miles,  to  account  for  the  height  of  the  tides  by  the  laws  of 
gravitation.  No  admeasurement  by  soundings  has  exceeded  the 
depth  of  one  mile  and  a  quarter. 

The  ocean  has  not  always  been  confined  in  its  present  bed,  for 
rocks  almost  entirely  composed  of  the  shells  or  remains  of  marine 
animals,  are  found  in  almost  every  country  that  has  yet  been  ex- 
plored, and  these  remains  occur  near  the  summits  of  the  highest 
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of  the  lower  rocks,  broken  down  and  agglutinated  together ;  and 
hence  he  inferred,  that  the  lower  rocks  were  formed  prior  to  the 
creation  of  animals,  and  he  gave  them  the  name  of  Primitive  or 
Primary  J  and  distinguished  the  upper  by  the  name  of  Seamiary. 
This  grand  division,  though  too  hastily  formed,  was  of  use  in  the 
infancy  of  the  science,  and  induced  geologists  to  examine  roc»6 
attentively  the  nature  and  position  of  the  rocks  in  different  coun- 
tries :  and  as  their  observations  became  more  extended  and  accu- 
rate, a  more  extended  arrangement  and  classification  was  found 
necessary.  Many  of  the  earlier  geologists  maintained,  that  each 
bed  or  stratum  of  rock  is  extended  universally  over  the  globe,  and 
that  a  series  of  beds  in  regular  succession  environs  our  planet  like 
the  coats  of  an  onion.  This  position  is,  however,  much  too  gen- 
eral, as  many  beds  of  rock  which  are  common  in  one  country, 
are  entirely  wanting  in  another ;  but  taken  as  an  illustration  of 
the  structure  of  the  crust  of  our  globe  over  a  limited  extent,  the 
successive  coats  of  an  onion,  if  they  were  of  different  colours, 
might  not  unaptly  represent  the  different  strata  that  cover  certain 
districts. 

It  may  here  also  be  proper  to  observe,  that  the  different  strata 
which  occur  under  each  other  are  not  arranged  in  the  order  of 
then*  density  or  tipeci&c  gravity.  Coal  strata,  for  instance,  are  of- 
ten covered  with  strata  of  iron-stone,  the  q>ecific  gravity  of 
which,  is  more  than  twice  that  of  coal. 

I  shall  now  proceed  to  enumerate  the  different  classes  of  rocks 
generally  admitted  by  geologists,  and  briefly  describe  the  princi- 
pal characters  of  each  class ;  and  in  order  to  direct  the  atten- 
tion of  the  reader  more  forcibly  to  the  subject,  I  shall  trace  on 
an  outline  map  the  principal  situations  in  our  own  island,  where 
Tocks  of  each  class  occur,  except  the  recent  volcanic. 

All  the  different  rocks  and  strata  that  cover  the  earthV  sur- 
face may  be  arranged  under  the  following  classes : — 

1.  Primary. 

2.  Intermediate  or  Transition. 

3.  Secondary;  comprising 

The  Lower  Secondary  Series,  and 
The  Upper  Secondary  Series. 
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4.  Tertiary. 

5.  Basaltic  and  Volcanic 

6.  Diluvial  and  Alluvial  Ground.* 

This  arrangement  is  substantially  followed  by  most  geologisU 
of  the  present  day,  though  with  some  modification  of  the  names. 
Several  of  the  French  geologists  class  the  lower  secondary,  in- 
cluding the  coal  strata,  with  the  intermediate  or  transition  rocks : 
some  urgent  reasons  may  be  advanced  for  adopting  this  arrange- 
ment which  we  shall  subsequently  notice. 

Primary  or  Primiiive  Rocks — were  so  called  because  no  foasil 
remains  of  animals  or  vegetables,  nor  any  firagments  of  other 
rocks  were  found  imbedded  in  them :  hence  it  was  supposed  that 
they  were  formed  prior  to  the  creation  of  organic  beings.  The 
rocks  of  this  class  are  for  the  most  part  extremely  hard,  and  the 
minerals  of  which  they  are  composed  are  frequently  more  or  less 
perfectly  crystallized.  These  rocks  generally  occur  in  immense 
masses  or  beds  ;  they  form  the  lowest  part  of  the  earth's  surface 
with  which  we  are  acquainted,  and  they  not  only  constitute  the 
foundation  on  which  rocks  of  the  other  classes  are  laid,  but  in 
many  situations  they  pierce  through  the  incumbent  rocks  and 
strata,  and  form  also  the  highest  mountains  in  alpine  districts* 

We  are  not  to  conclude,  when  we  see  a  mountain  or  range  of 
mountains  bounded  by  a  plain,  that  the  mineral  beds  and  strata 
of  which  these  mountains  are  formed  terminate  at  their  appar- 
ent bases ;  on  the  contrary,  they  dip  under  the  surface  at  angles 
more  or  less  inclined,  stretching  below  the  lower  grounds  and  hills, 
and  often  rising  again  in  remote  districts. 

That  primary  rocks  environ  the  whole  globe  will  not  admit  of 
direct  proof;  but,  from  their  frequent  occurrence  in  mountainous 
districts  in  the  most  distant  part  of  the  world  that  have  been  ex- 

*  Though  the  summits  of  Mont  Blanc  and  many  of  the  highest  mountains  in 
the  southern  chain  of  the  Alps  are  granitic,  the  summits  of  the  Jungfrau  and  the 
highest  mountains  in  the  northern  chain  of  the  Alps  are  generally  composed  of  se- 
condary strata  covering  the  granite.  In  Elngland  and  Wales  the  highest  mountains 
are  covered  by  roclcs  of  the  transition  class,  and  the  granitic  or  oUier  primary  rocks 
appear  only  near  their  bases.  In  Scotland  some  of  the  highest  mountains  are  com- 
ptted  of  rocks  of  the  primary  class. 
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amined,  we  may  infer  that  soma  of  the  rocka  of  this  class  con- 
stitute the  foundation  rock  of  every  country.  We  have  no  means 
of  ascertiaining  tiiat  the  similar  rocks  of  distant  districts  were 
formed  at  the  same  time,  nor  can  we  be  certain  thai  the  rocks 
called  Primary  have  not  once  contained  organic  remains  that 
were  destroyed  during  the  process  by  which  they  acquired  their 
present  crystalline  structure.  We  may  however,  with  apparent 
probability,  infer  that  their  formation  was  prior  to  the  existence 
of  animals  or  vegetables  on  our  planet  in  its  present  state,  be* 
cause  the  rocks  which  immediately  cover  them  contain  almost  ex- 
clusively the  organic  remains  of  the  lowest  class  of  animals, 
which  are  eonadered  as  forming  the  first  link  in  the  chain  of  ani- 
mated beings. 

On  this  account  these  rocks  have  been  called  by  the  German 
geologists  tramsUion  rocks,  from  the  supposition  that  they  were 
formed  when  the  world  was  passing  from  an  uninhabitable  to  a 
habitable  state.  TVonsttton  or  intermediate  rocks  are  generally 
less  crystalbne  than  the  primary  ;  they  containing  occasionally 
organic  remains  of  the  lower  classes  of  animals,  and  also  frag* 
ments  of  rocks  of  the  preceding  class.  They  are  firequeotly  in- 
terposed between  rocks  of  the  primary  class,  and  those  more  gen- 
enJly  called  secondary,  and  often  partake  of  the  character  be- 
longing to  both.  The  rodui  of  the  primary  and  transition  class 
are  the  principal  repositories  of  metallic  ores,  but  in  Europe  they 
contain  few  saline  or  inflammable  minerals.*  In  South  America, 
according  to  Humboldt,  sulphur  and  bitumen  exist  in  considera- 
ble quantities  in  rocks  denominated  primary. 

Rocks  of  the  transition  class  are  not  universally  interposed  be- 
tween the  primary  and  secondary  rocks,  for  in  some  situations  the 
transition  series  are  entirely  wanting :  thus  in  passing  from  Lyons 
to  Clermont  in  the  centre  of  France,  I  observed  the  regular  coal 
strata  resting  upon  a  bed  of  sand,  day,  and  rounded  stones, 
which  immediately  cover  granilte. 
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Secondary  Rocks. — ^Tbe  lower  series  are  almost  all  distinctly 
stratified;  they  consist  chiefly  of  sandstone,  soft  argillaceoiui 
slate,  called  shale,  and  beds  of  coal  and  ironstone.  Many  of  the 
secondary  strata  of  this  class  abound  exclusively  in  the  fomril  re* 
mains  of  vegetables,  analogous  to  ferns,  palms,  and  reeds ;  while 
the  rocks  in  the  former  or  transition  class,  contain  exclusirely 
the  remains  of  marine  animals,  they  occur  principally  in  limestone. 
This  change  in  the  nature  of  the  fossil  remains  in  the  two  dtSKS 
of  rocks,  indicates  an  important  change  in  the  condition  of  the 
globe,  prior  to  the  deposition  of  the  lower  series  of  secondary  stra- 
ta. The  transition  rocks  were  evidently  formed  under  the  sea, 
some  of  the  beds  being  almost  entirely  composed  of  the  exuviae 
of  madrepores  and  encrini,  while  the  vegetable  remains  in  the  ae* 
condary  strata  would  appear  to  indicate  that  they  had  grown  in 
marshes  or  fresh-water  lakes,  covering  the  surface  where  the  sea 
had  formerly  flowed. 

The  upper  series  of  secondary  rocks  indicate  another  most  im- 
portant revolution  of  the  globe.  The  prevailing  rocks  of  this  se- 
ries are  stratified  limestone,  with  beds  of  clay,  shale,  and  sand- 
stone interposed.  The  organic  remains  in  these  strattf  are  chiefly 
those  of  marine  animals,  but  of  diflferent  gener£  and  species 
from  those  in  the  lower  rocks.  It  is  in  rocks  of  this  series  that 
we  first  meet  with  remains  of  animals  of  a  higher  class,  which 
possessed  a  brain  and  spinal  marrow  ;  but  these  vertebrated  ani- 
mals are  all  of  the  oviparous  order,  such  as  fish,  or  the  saurian  or 
lizard  tribe.  Some  of  these  saurian  animals  were  of  immense 
size,  greatly  exceeding  in  length  and  bulk  any  saurian  animala 
now  existing. 

Another  important  fact  respecting  the  upper  scries  of  secon- 
dary strata,  is,  that  they  appear  to  have  been  formed  not  only 
under  difierent  circumstances  firom  the  lower,  but  after  along  in- 
terval,  during  which  the  surface  of  the  globe  had  been  much 
fractured  and  displaced  ;  for  the  upper  series  do  not  lie  regularly 
upon  the  other,  and  parallel  with  them,  but  they  cover  the  edges 
of  the  lower  strata  unconformably. 
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To  make  this  better  understood,  suppose  a  number  of  books 
to  be  laid  regularly  upon  each  other,  and  the  lowest  volume  to 
be  tilted  up  so  as  to  give  an  inclined  position  to  the  whole,  if  we 
then  take  other  books  and  place  them  horizontally,  or  nearly  so, 
on  the  upper  edges  of  the  inclined  volumes,  we  may  then  form 
a  distinct  idea  of  the  position  of  the  upper  series  of  secondary 
strata  over  the  lower  series.  This  position  will  be  more  fully 
described  in  the  fourth  chapter.  The  last  of  the  upper  secon- 
dary strata  is  chalk,  a  rock  well  known  in  the  south  and  south- 
east parts  of  England,  though  entirely  wanting  in  the  north-west 
and  in  Scotland. 

Tertiary  Strata-— comprise  aU  the  regular  beds  that  have  been 
deposited  subsequently  to  the  chalk  strata,  on  which  they  frequent- 
ly repose.  It  was  formerly  supposed  that  tertiary  strata  were  ve- 
ry limited  in  extent;  and  were  confined  to  a  few  districts  in  Eu- 
rope ;  recent  observations,  however,  prove  that  strata  of  this  class 
cover  considerable  portions  of  the  surface  in  various  countries, 
though  there  are  other  countries  in  which  they  are  entirely  want- 
ing. Tertiary  strata  are  the  last  formed  or  uppermost  of  all  the 
regular  rock  formations.  They  consist  chiefly  of  clay,  limestone, 
and  finable  sandstone :  the  lower  series  of  these  strata  contain 
numerous  marine  shells,  while  some  of  the  middle  and  upper  stra- 
ta contain  shells  resembling  those  found  in  our  present  rivers  or  in 
fresh  water  lakes.  The  most  remarkable  fact  respecting  the 
tertiary  strata  is,  that  some  of  them  contain  numerous  bones  of 
quadrupeds  of  the  class  Mammalia,  but  these  for  the  most  part 
belong  to  genera  and  species  which  no  longer  exist  upon  the 
earth. 

Volcanic  and  BaioUic  Rocks — have  been  either  ejected  from 
volcanoes,  or  poured  out  in  a  state  of  fusion  from  rents  and  open- 
ings on  the  earth^s  surface.  They  cover  in  an  irregular  manner 
the  rocks  of  the  preceding  classes.  In  some  situations  the  mel- 
ted mineral  matter  has  taken  a  columnar  form  in  cooling ;  in 
other  situations  it  fills  vast  fissures^  called  by  miners— dykes. 
Basaltic  rocks  are  very  common  in  the  northern  part  of  our  isl- 
and. • 
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Diliwiai  and  ^ntfi7ui2.— Considerable  portionfl  of  the  miiiace  of 
the  ground  are  in  many  countries  coitered  with  thick  beds  of  saad 
or  clay,  and  fragments  of  rock  and  loose  stones,  more  or  leas 
rounded  by  attrition :  in  some  situations  these  have  eridently  been 
transported  from  a  vast  distance,  for  finequently  no  rock  similar 
^  the  fragments  occurs  within  a  hundred  miles,  or  more,  of  the 
place  where  they  are  deposited.  They  indicate  the  action  of 
mighty  inundations,  which  have  swept  over  the  face  of  oar 
present  continents.  The  French  have  given  to  these  depomtioiis 
the  name  of  terreins  de  transport^  a  name  which  defines  them 
precisely,  and  comprises  both  diluvial  deposits  formed  suddenly 
by  mighty  irruptions  of  the  ocean,  and  alluvial  deposits  formod 
by  the  gradual  deposition  of  sediment  at  the  mouths  of  riv^9 
or  in  lakes. 

The  classes  of  rocks  above  enumerated  have  their  appropri* 
ate  mineral  productions,  and,  with  the  exception  of  rocks  of  the 
first  class,  their  appropriate  organic  remains  ;  and  it  would  be  as 
useless  to  search  for  regular  beds  of  common  coal  in  the  priam* 
ry  rocks,  as  it  v^uld  be  to  search  for  metallic  veins  or  statuary 
marble,  in  the  tertiary  strata. 

I  shall  proceed  to  elucidate  the  situation  of  the  different  ckm- 
ses  of  Rocks  in  England,  by  a  reference  to  the  outline  mftp, 
Plate  6. 

If  we  trace  a  waving  line  a  a  a  from  the  south-west  of  DoiMt« 
shire  to  the  county  of  Durham,  it  will  form  a  striking  geologioal 
division  of  England :  all  the  land  on  the  east  of  this  line  is  com* 
posed  of  the  upper  secondary  and  tertiary  strata,  in  which  nei- 
ther metallic  veins  nor  regular  beds  of  mineral  coal  are  found. 
The  tertiary  strata,  lie  over  the  upper  secondary  within  the  parts 
bounded  by  the  letters  o  o  o  o.  On  part  of  the  eastern  coast  of 
Yorkshire  and  Linconshire  there  is  a  submarine  forest  about  s6t* 
enteen  feet  under  the  present  high>water  level.  This  forest  ap* 
pears  to  have  extended  eastward,  as  stumps  of  trees  and  roots 
may  be  seen  at  low-water  at  a  considerable  distance  from  the 
coasts 
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West  of  the  line  a  a  a  there  is  an  important  change  in  the  min- 
eral productions ;  from  thence  to  the  line  c  c  c  the  lower  secon- 
dary strata  appear,  and  most  of  the  principal  coal  districts  in 
England  occur  within  the  lines  a  a  a  and  c  c  c.  It  is  further  re- 
markabie,  that  few  if  any  regular  metallic  veins  are  found  in  this 
division.  The  lower  secondary  strata  are  also  continued  west  of 
the  line  c  c  c,  through  the  midland  and  northern  counties,  but 
rocks  of  the  transition  series  occasionally  occur  in  this  part  of  our 
island.  A  very  extensive  coal  district  occurs  in  that  part  of  South 
Wales  bordering  the  Bristol  Channel.  On  the  east  of  the  Une 
c  c  c  it  may  be  remarked,  that  the  strata  generally  incline  or  dip 
to  the  south-east ;  west  of  this  line  they  are  more  irregular,  and 
dip  in  various  directions^ 

West  of  the  part  composed  of  the  lower  secondary  strata,  and 
coloured  green,  we  meet  with  rocks  of  the  primary  and  transi- 
tion classes,  in  which  metallic  ores  occur ;  they  constitute  the  al- 
pine paits  of  England,  passing  through  Ck>mwaU  and  Devon- 
shire, into  North  Wales,  and  the  north-west  parts  of  Yorkshire 
and  Lancashire,  and  through  Westmoreland  and  Cumberland, 
into  Scotland.  This  part  is  coloured  red ;  rocks  of  the  primary 
class  chiefly  occur  in  the  parts  distinguished  by  dark  lines. 

Near  the  centre  of  England,  at  Chamwood  Forest  in  Leicester- 
shire, and  at  the  Malvern  Hills  in  Worcestershire  and  Hereford- 
shire, the  primary  rocks  pierce  through  the  secondary  strata,  and 
compose  two  small  districts  of  primitive  country  surrounded  by 
secondary  strata.  Also  in  the  counties  of  Derbyshire  and  in  the 
West  Riding  of  Yorkshve,  and  part  of  Cumberland  and  West- 
moreland, rocks  of  transition  or  mountain  limestoncf  rise  to  a  con- 
siderable elevation  from  beneath  the  secondary  strata,  which  oc^ 
cur  east  and  west  of  them  ;  some  of  these  limestone  mountains 
are  rich  ,in  metallic  ores.  Along  the  line  a  a,  beds  of  rock-salt 
and  the  principal  springs  of  brine  are  situated. 

It  must  be  kept  in  mind  when  observing  this  map,  that  the  ter- 
tiary strata  lie  upon  the  secondary,  and  the  secondary  upon  the 
transition  and  primary  rocks.  Now,  if  the  tertiary  and  seconda- 
ry strata  had  both  extended  to  the  western  counties,  it  is  obvi- 
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ous  that  we  could  have  had  no  knowledge  of  the  existence  of  the 
lower  series  but  by  boring  or  sinking  through  the  upper  serief; 
and  the  aggregate  thickness  of  these,  exceeds  the  power  of  Clie 
miner  to  pierce  through.  The  tertiary  strata,  however  only  cov- 
er a  part  of  the  secondary,  and  the  secondary  do  not  cover  the 
whole  of  the  lower  series ;  so  that  in  travelling  westward,  we 
come  immediately  upon  the  lower  strata  in  succession,  as  tbej 
rise  from  underneath  each  other ;  for,  as  I  before  observed,  the 
general  inclination  or  dip  of  the  beds  is  towards  the  south-east. 
The  action  of  the  sea  upon  our  coasts  and  cUfTs  has  exposed  to 
view  the  succession  of  the  different  rocks  and  strata  in  many 
parts  of  our  island,  and  has  enabled  us  to  obtain  a  correct  knowl* 
edge  of  their  thickness  and  direction,  and  of  the  organic  remauis 
pecuUar  to  each  series. 

Before  concluding  the  present  chapter,  let  us  take  a  view  <^ 
some  of  the  more  striking  appearances,  which  afford  demonstra* 
tive  evidence  that  great  changes  have  taken  place  in  the  relative 
level  of  the  present  continents,  and  that  the  ocean  has  in  former 
ages  rolled  its  waves  over  what  are  now  the  most  elevated  parts 
of  the  earth.  Many  proofs  of  this  exist  in  our  own  island,  and 
in  various  parts  of  the  world. 

The  calcareous  or  limestone  mountains  in  Derbyshire,  and 
Craven  in  Yorkshire,  rise  to  the  height  of  about  two  thousand 
feet  above  the  present  level  of  the  sea.  They  contain  through 
their  whole  extent  fossil  remains  of  zoophytes  and  marine  ani- 
mals, but  more  abundantly  in  some  parts  than  in  others.  Partic- 
ular species  occupy  almost  exclusively  distinct  beds,  and  in  some 
situations  the  whole  mass  appears  a  compact  congeries  of  min- 
eralized organic  remains.  Over  these  vast  beds  of  ancient  lime- 
stone occur  a  series  of  sandstone  strata  and  shale,  containing  al- 
most exclusively  remains  of  mineralized  vegetables  associated 
with  beds  of  coal.  Over  this  series  we  meet  with  other  calcare- 
ous strata,  containing  remains  of  fish  and  enormous  reptiles  of 
the  saurian  or  lizard  tribe,  intermixed  with  numerous  species  of 
bivalve  and  univalve  shells,  but  of  different  genera  or  species 
from  those  living  in  the  present  seas.    Again,  in  the  uppermost 
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or  tertiary  strata,  we  meet  with  bones  and  teeth  of  land  quadru- 
peds of  the  class  Mammalia,  some  of  which  belong  to  unknown 
genera,  and  nearly  all  to  unknown  species.  Among  these  are 
the  bones  of  large  animals,  as  the  mastodon,  the  elephant,  the 
rhinoceros,  the  hippopotamus,  and  the  gigantic  tapir.  These 
large  animal  remains  occur  chiefly  in  beds  of  clay  or  gravel,  or 
in  caves.  In  the  latter  situation  they  are  abundantly  mixed  with: 
bones  of  smaller  quadrupeds,  of  which  the  species  no  longer  ex- 
exist  in  England. 

The  calcareous  mountains  of  the  Jura,  and  the  outer  range  of 
the  Alps,  contain  beds  filled  with  the  remains  of  marine  animals, 
many  of  which  1  have  examined,  and  found  to  be  similar  to 
those  in  the  secondary  strata  in  England.  In  the  Alps  they  oc- 
cur at  the  height  of  from  six  to  eight  thousand  feet.  Similar 
phoenomena  are  observed  in  the  calcareous  mountains  of  the 
Pyrenees ;  and  according  to  Humboldt,  organic  remains  occur  in 
the  Andes,  at  the  h^ght  of  fourteen  thousand  feet  The  dbtinct 
characters  of  the  animals  found  in  the  upper  and  lower,  beds  in 
these  mountains,  as  well  as  in  those  of  our  own  country,  prove 
that  they  were  not  brought  into  their  present  situation  by  any  sud- 
den inundations,  which  would  have  mixed  different  orders  of  an- 
imals together.  The  beds  which  contain  exclusively  the  remains 
of  animals  of  the  same  species,  must  have  remained  for  ages  un- 
der the  ocean ;  for  these  animal  remains  often  compose  nearly 
the  whole  substance  of  a  bed  of  limestone  of  great  thickness, 
as  is  the  case  with  the  beds  of  encrinal  limestone  in  Derbyshire, 
and  the  limestone  called  coral-ragg  at  Steeple  Ashton. 

The  fossil  remains  of  animals  not  now  in  existence,  entombed 
and  preserved  in  solid  rocks,  present  us  with  durable  monuments 
of  the  great  revolutions  which  our  planet  has  undergone  in  for- 
mer ages.  We  are  carried  back  to  a  period  when  the  waters  of 
the  ocean  have  covered  the  summits  of  our  highest  mountains, 
and  are  irresistibly  compelled  to  admit  one  of  two  conclusions, — 
either  that  the  sea  has  retired  and  sunk  far  below  its  former  lev- 
el, or  that  some  power  operating  from  beneath,  has  lifted  up  the 
islands  and  continents,  with  their  hills  and  mountains,  from  the 
watery  abyss,  to  their  present  elevation  above  its  surface. 
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These  organic  remains  present  also  undeniaUe  proofii  of  aa^ 
other  fact  equally  interesting.    Every  regular  stratum  in  which 
they  are  disseminated,  was  once  the  uppermost  rock,  howefer 
deep  it  may  be  below  the  present  surface,  or  with  whatever  rocka 
it  may  now  be  covered.    This  inference  is  not  the  less  conckh 
aive,  whether  we  suppose  that  the  animals  Uved  and  died  wbeio 
their  remains  occur,  or  whether  they  were  aggregated  and  car- 
ried by  marine  currents  into  their  present  situation.    Heaoe  we 
learn  that  the  secondary  strata  were  formed  in  succession  over 
each  other,  and  thus  these  fossil  remains  preserve  the  records  of 
the  ancient  condition  of  our  planet,  and  the  natural  history  o£ 
its  earliest  inhabitants.    The  unknown  causes  by  which  zoophytof 
and  different  genera  and  species  of  testaceous  animals,  of  rep- 
tiles, vegetables,  and  mammiferous  quadrupeds  were  buried  in 
different  strata  have  operated  in  succession  at  distant  inter* 
vals  of  time ;  for  we  do  not  find  the  remains  of  different  dai- 
ses confusedly  intermixed  together,  except  in  beds  of  clay  or  grav- 
el, near  the  surface,  or  in  fragments  of  various  rocks  which  have 
been  broken  down  and  subsequently  united.    Bones  of  vertOf- 
brated  animals,  or  such  as  had  a  brain  and  spinal  narrow,  have 
never  been  found  in  the  lower  strata ;  nor  have  the  bones  of  the 
large  mammiferous  quadrupeds  ever  been  discovered  bekyw  the 
chalk.    Hence  we  acquire  a  perfect  certainty,  that  the  difieveiit 
beds  which  form  the  crust  of  our  planet,  were  deposited  in  dis- 
tant epochs,  and  under  different  conditions  of  tlie  globe.    The 
animal  remains  in  some  of  the  strata  are  so  delicate,  and  so  reg- 
ularly deposited,  that  we  can  have  but  little  doubt  that  the  ani- 
mals lived  and  died  tranquilly  where  their  remains  are  now  found : 
in  other  strata  below  or  above,  the  remains  are  broken,  and  the 
animals  appear  to  have  perished  by  some  sudden  convubion* 

If  the  bones  of  man,  or  of  mammiferous  quadrupeds  resem- 
bling existing  species,  have  casually  been  found  with  fossil  re- 
mains peculiar  to  the  lower  or  more  ancient  strata,  I  beUeve  a 
careful  examination  of  all  the  circumstances  would  generally  ex- 
plain the  apparent  anomaly.  I  shall  state  a  remarkable  &ct  of 
this  kind,  which  came  to  my  knowledge  when  engaged  in  a  min- 
eralogical  examination  for  the  Earl  of  Moira,  in  the  Ticinity  of 
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A0hby*de-la*Zouch,  in  Leie^tersbire :  it  wHI  evince  how  cautious 
we  ought  to  be  in  drawing  general  conclusions  in  geology,  from 
single  facts.  A  thick  bed  of  coal  belonging  to  his  lordship,  at  a 
place  called  Ashby  Wolds,  is  worked  at  the  depth  of  two  hundred 
and  twenty-fire  yards ;  it  is  covered  with  various  strata  of  iron- 
stone, coal,  and  solid  sandstone.  On  an  estate  adjoining  to  his 
lordship's  manor,  in  the  same  bed  of  coal,  (which  is  ninety-sev^ 
en  yards  below  the  surface,)  the  entire  skeleton  of  a  man  was 
found  imbedded.  No  appearance  existed  of  any  former  sinking 
for  coal ;  but  the  proprietor  ordered  passages  to  be  cut  in  dif-' 
ferent  directions,  until  the  indication  of  a  former  pit  was  discov- 
ered, though  the  coal  had  not  been  worked.  Into  this  pit  the 
body  must  have  fiillen,  and  been  preased  and  consolidated  in  the 
loose  coal  by  an  incumbent  column  of  water,  previously  to  the 
foiling  in  of  the  sides  of  the  pit 

The  imperfect  skeleton  of  a  woman,  imbedded  in  a  kind  of 
calcareous  sandstone,  brought  from  Gandaloupe,  and  exhibited 
in  the  British  Museum,  may  appear  to  invalidate.what  was  assert- 
ed in  the  first  edition  of  this  work,  that  no  instances  have  been 
known  of  human  bones  being  found  in  regular  stratified  rocks, 
nor  even  in  undisturbed  alluvial  ground,  where  the  remains  of  ex- 
tinct species  of  quadrupeds  are  not  unfi'equently  met  with*. 
Due  attention  to  all  the  circumstances,  will  reconcile  that  asser- 
tion with  the  present  fact.  The  skeleton  fi'om  Gaudaloupe  is 
described  as  having  been  found  on  the  shore  below  the  high-wa- 

*  Since  the  publication  of  the  first  and  second  editions  of  this  work,  I  have  seen 
in  the  possession  of  a  gentleman  at  Plymoutii,  one  of  two  human  skulls  that  were 
found  in  digging  a  stream  work  forty  or  fifty  feet  below  the  level  of  tiie  river  at  Car- 
non  in  Cornwall.  Nuts,  and  the  horns  of  some  animal  allied  to  the  stag,  were  dis- 
covered in  Uie  same  situatkm. — In  a  note  I  made  at  the  time,  1816,  it  Is  statad 
that  the  forehead  was  remarkably  low  and  narrow,  and  the  part  of  the  skull  which 
contained  the  cerebellum  unusually  prominent  That  tiiese  skulls  were  andent 
there  can  be  little  doubt,  but  there  are  no  suffidentdata  to^enable  us  to  approximate 
lo  the  period  of  their  depedtion.  ^  / 1  /  w  t  /<:  <  xy^ 

The  bone  was  not  mineralited,  tiiough  very  haid.  The  absence  or  extreme  rari- 
ty of  human  bones  in  these  beds  of  gravel  and  clay,  or  in  caves  that  contain  the  re- 
mains of  large  land  quadrupeds,  is  far  more^extraordinary  than  their  non-occurrence 

in  the  regular  strata  fltat  cover  ottr  present  contioeiils. 
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ter  mark,  among  calcareous  rocks  formed  of  madrepores,  and 
not  far  from  the  volcano  called  the  Souffriere.  The  bones  are 
not  petrified,  but  preserve  the  usual  constituents  of  fresh  bone, 
and  were  rather  soft  when  first  exposed  to  the  air.  Specimens 
of  the  stone  which  I  have  in  my  possession,  that  were  chipped 
from  the  same  block,  present,  when  examined  with  a  lens,  the 
appearance  of  smooth  grains  consisting  of  rounded  firagments  of 
shells  and  coral  aggregated  and  united  without  any  visible  cement. 
We  have  an  example  of  a  similar  formation  of  calcareous 
sandstone  on  the  north  coast  of  Cornwall,  composed  entirely  of 
minute  fragments  of  shells^  In  the  Arundel  papers,  there  is  men- 
tion of  an  inundation  of  sand,  which  covered  a  great  part  of  the 
coast  near  St.  Ives  in  the  twelfth  century  :  it  is  also  known  by 
oral  tradition,  that  whole  farms  have  been  overwhelmed  at  a  pe* 
riod  not  very  remote  ;  and  at  this  very  day,  upon  the  shifting  of 
the  sands  by  high  winds,  the  tops  of  houses  may  occasionally  be 
seen.  In  several  parts  of  the  coast,  this  sand  is  seen  passing  in- 
to the  state  of  compact  rock,  very  diflScult  to  break  ;  and  it  is 
even  used  for  building-stone.  Entire  shells  of  land  snails  and 
fragments  of  slate  occasionally  occur  in  it*.  When  I  was  in  the 
county  I  examined  numerous  specimens  of  the  rock  with  a  lens, 
and  compared  them  with  a  specimen  of  the  Gaudaloape  sand- 
stone that  I  had  with  me,  and  they  appeared  closely  to  resemble 
each  other.  Dr.  Paris,  in  an  interesting  paper  read  to  the  Gieo- 
logical  Society  of  Cornwall,  ascribes  the  consolidation  of  the 
-sandstone  to  the  infiltration  of  water  containing  iron,  from  the  de- 
composing slate  rocks  in  the  vicinity.  Instances  of  consolidation 
of  beds  of  loose  sand  are  common  on  the  coast  of  Sicily.  It 
cannot  therefore  excite  surprise,  that  in  a  volcanic  island  Kke 
Gaudaloupe,  subject  to  violent  convulsions  from  earthquakes,  and 
inundations,  and  impetuous  hurricanes,  human  bodies  should  oc- 
casionally be  discovered,  that  have  been  enveloped  in  driving 
sands,  which  have  subsequently  become  indurated.  The  situa- 
tion of  tins  skeleton  near  the  sea  shore,  the  state  of  the  bones, 

*  See  Guide  to  Mount's  Bay  and  ihe  Land*?  End. 
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und  the ,  nature  of  the  stone  in  which  they  are  imbedded,  take 
away  the  probability  of  their  high  antiquity. 

In  the  Institutes  of  Menu,  which  according  to  Sir  Wilham 
Jones  are  at  least  as  ancient  as  the  writings  of  Moses,  the  account 
of  the  six  days*  creation  so  closely  resembles  that  given  in  Gene- 
sis,* that  it  is  scarcely  possible  to  doubt  its  being  derived  from  the 
same  patriarchal  communication.  There  is,  however,  a  particu- 
lar definition  given  of  the  word  day  as  applied  to  the  creation, 
and  it  is  expressly  stated  to  be  a  period  of  several  thousand  years. 
If  this  interpretation  be  admitted,  it  will  remove  the  difficulty  that 
some  have  felt  in  reconciling  the  epochs  of  creation  with  V\e  sLx 
days  mentioned  by  Moses.  The  six  days  in  which  Creative  En- 
ergy renovated  the  globe  and  called  into  existence  different  clas- 
ses of  animals,  will  imply  six  successive  epochs  of  indefinite  dura-^ 
tion.  The  absence  of  human  bones  in  stratified  rocks  or  in  un- 
disturbed beds  of  gravel  or  clay,  indicates  that  man,  the  most  per- 
fect of  terrestrial  beings,  was  not  created  tUl  after  those  great 
revolutions  which  buried  different  classes  and  entire  genera  of 
animals  deep  under  the  present  surface  of  the  earth.  That  man 
is  the  latest  tenant  of  the  globe,  is  confirmed  by  the  oldest  records 
or  traditions  that  exist  of  the  origin  of  the  human  race. 

The  great  convulsions  which  have  at  distant  periods  changed 
the  ancient  surface  of  the  globe,  and  reduced  it  from  a  chaotic 
to  its  pr^ent  habitable  state,  were  not,  it  is  reasonable  to  believe, 
effected  by  the  blind  fury  of  tumultuous  and  conflicting  elements, 
but  were  the  result  of  determined  laws  directed  by  the  same  wisdom 
which  regulates  every  part  of  the  external  universe.  Compared 
with  the  ephemeral  existence  of  man  on  the  earth,  the  epochs  of 
these  changes  may  appear  of  almost  inconceivable  duration ;  but 
we  are  expressly  told,  that  with  the  Creator  a  thousand  years  are 
as  one  day,  and  one  day  as  a  thousand  years. 

*  The  discoveries  in  astrooomy  which  proved  the  diurnal  and  annual  motions  of 
the  earth,  were  for  some  time  warmly  opposed,  as  being  at  variance  with  the  mo- 
tion of  the  sun  and  moon,  and  the  motionless  stability  of  the  earth  which  the  sacred 
writings  describe.  We  should  not  however  admire  the  judgement  of  the  writer 
who  in  the  present  day  should  publish  a  scripturcU  astronomy,  in  opposition  to  tho 
Copemican  system.  The  sacred  writers  describe  natural  objects  as  &cy  appear  to 
the  senses,  and  do  not  tcarh  systems  of  natural  philosophy. 


CHAPTER  II. 

ON  PETRIFACTIONS.  OR  FOSSIL  ORGANIC  REMAINS. 

OpiDioiiB  of  early  Naturalists  respecting  Petrifactions.— On  the  Process  called  Pet- 
rifiiction  in  some  Instances  rapidly  effected. — Experiment  of  Dr.  Jenner  oo  tlie 
Petrifaction  of  recent  Bones.— Living  Reptiles  occasionally  found  in  soHd^Stooe. 
—Remarkable  Difference  in  the  Condition  of  FosiU  Remains  in  adjacent  Strata; 
Instance/ of  this  at  Westbury  Cliff,  Gloucestershire.— The  ibur  grand  divialoos  of 
the  A^Anal  Kingdom. — Distribution  of  the  Remains  of  certain  Classes  and  Orders 
of  4''(^ahi  in  each  Division  through  the  di/lerent  Rock  Formations. — Remains 
of  Monkeys  hitherto  undiscovered  in  a  Fossil  State.— Observations  on  Fosril  Or^ 
gallic  Remains,  as  serving  to  identify  Strata  in  distant  Countries. 

If  it  had  been  predicted  a  century  ago,  that  a  volume  would  be 
discovered,  containing  the  natural  history  of  the  earliest  inhabi- 
tants of  the  globe,  which  flourished  and  perished  before  the  crea- 
tion of  man,  with  distinct  impressions  of  the  forms  of  anioials 
no  longer  existing  on  the  earth, — what  curiosity  would  have  been 
excited  to  see  this  wonderful  volume ;  how  anxiously  would  Phi* 
losophers  have  waited  for  the  discovery  !  But  this  volume  is  now 
discovered  ;  it  is  the  volume  of  Nature,  rich  with  the  spoils  of  pri- 
meval ages,  unfolded  to  the  view  of  the  attentive  observer,  in  the 
strata  that  compose  the  crust  of  the  globe.  The  numerous  and  va- 
ried forms  of  organic  beings,  whose  remains  are  there  distinctly 
preserved,  often  differ  so  much  in  structure  from  any  known  genera 
of  animals,  that  we  can  scarcely  hazard  any  probable  conjectures 
respecting  their  modes  of  existence.  Nor  is  it  merely  the  forms 
of  unknown  animals  that  we  discover  in  the  different  strata,  we 
also  learn  the  order  of  succession  in  which  they  were  created. 

It  is  only  within  a  comparatively  short  period,  that  these  fossil 
organic  remains  have  engaged  the  attention  of  naturalists.  Il 
is  true  that  in  remote  times,  the  occasional  discovery  of  shells 
and  bones  of  large  animals  imbedded  in  rocks  did  not  escape 
the  attention  of  philosophers ;  but  the  shells  were  supposed  to  be* 
long  to  species  now  living,  and  the  bones  to  a  gigantic  race  of 
men  that  perished  during  some  great  inundation,  or  had  been 
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buried  by  earthquakes.  Other  hjrpotheses  equally  remote  from 
truth,  serve  to  show  how  little  attention  had  been  bestowed  on 
this  department  of  Natural  History.  The  celebrated  botanist, 
Toumefort,  from  the  regularity  of  form  in  many  fossil  remains, 
was  induced  to  believe  that  they  were  stones  that  grew  and  veg* 
etated  from  seeds.  ^  How  could  the  Comu  Ammonii^'*^  he  ob- 
serves, ^  which  is  constantly  in  the  figure  of  a  volute,  be  formed 
without  a  seed  containing  the  same  structure  in  the  small,  as  in 
the  larger  forms !  Who  moulded  it  so  artfully,  and  where  are  the 
moulds  !^' 

As  fossil  organic  remains,  particularly  shells  and  zoophytes, 
are  found  many  hundred  and  even  thousand  feet  below  the  pre- 
sent surface  of  the  earth,  the  first  inquiry  that  naturally  suggests 
itself  is.  How  did  they  come  there  I  It  is  impossible  that  the  ani- 
mals when  living,  or  their  exuviss  when  dead,  could  pass  through 
such  vast  depths  of  solid  rock,  iii  few  of  them  might  fell  into 
vertical  fissures,  and  remain  there*,  but  they  could  never  in  this 

*  Instuieefl  of  ovip$iaa»  reptilet  imod  Hring  in  tbe  midft  of  toHd  stone  sometiffies 
occur.  At  tbe  coUieiy  on  Bothwell  Heigh  netr  Leedsi  a  living  lizud  or  newt  wae 
found  in  a  bed  of  coal  at  the  depth  of  one  hundred  and  eighty  yan^  from  the  sur- 
face. I  saw  it  in  the  year  1819  soon  after  its  discovery ;  it  was  preserved  in  spirits, 
and  was  about  five  inches  in  length.  I  could  not  perceive  that  it  differed  from  the 
livhig  spedee.  The  animal  had  probably  erept  into  the  mine  along  one  of  the  levels 
that  drain  off  the  water,  or  down  the  sides  of  the  shaft  In  all  instances  where  toads 
have  been  found  in  solid  stone,  it  is  reasonable  to  believe  that  they  entered  through 
fissures  that  have  been  subsequently  closed.  That  these  ammals  will  live  without 
food  for  a  great  number  of  years,  is  proved  by  the  following  circumstance. 

The  late  Sir  Thomas  Blacket,  of  Britton  Hall  in  Yoriodiire,  had  one  cellar  which 
was  opened  only  once  a  year,  as  it  contained  some  particular  choice  wine  which  was 
never  brought  to  table  but  on  the  annual  celebration  of  his  birth-day,  which  was  on 
the  2l8t  of  December,  or  St.  Thomas's  day.  The  butler  when  taking  out  the  wine, 
observed  a  snudl  toad  crawling  along  die  stone  floor.  He  placed  the  toad  under  a 
wine  bottle,  and  ^ught  no  more  of  it  till  he  went  Into  the  cellar  the  following  year, 
when  on  removing  the  botde  he  was  much  surprised  to  see  Ihe  toad  immediately  leap. 
This  circumstance  he  mentioned  to  Sir.  Thomas,  who  descended  with  his  visitors  into 
the  cellar  to  look  at  the  toad;  after  which  the  bottle  was  replaced,  and  the  poor  animal 
was  kept  a  close  prisoper  till  the  suceeding  year,  when  he  was  again  nncovered  and 
found  alive  as  before.  The  same  annual  experiment  was  continued  ibr  more  than 
twenty-five  years,  when  the  wine  was  exhausted,  the  cellar  cleared,  and  the  toad, 
who  was  still  living,  was  tiirown  out  of  doors.    Having  heard  of  this  circumstance 
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way  enter  into  strata  composed  almost  entirely  of  organic  re* 
mains.  Beside,  the  strata  now  deep  under  the  dry  ground,  are 
jBUed  chiefly  with  the  remains  of  marine  animals ;  nor  do  we  gen* 
erally  find  these  animal  remains  confusedly  aggregated  ;  differ* 
ent  genera  or  species  occupy  particular  strata,  or  are  associated 
with  certain  genera  or  species  of  the  same  class,  and  never  wilb 
others.  It  is  therefore  evident  that  they  were  not  brought  into 
their  present  situations  by  vast  inundations,  and  buried  under  the 
earthy  matter  which  a  subsequent  inundation  cast  over  them. 
Neither  could  zoophytes,  fish,  or  large  reptiles,  or  the  inhabitants 
of  bivalve  or  univalve  shells,  have  lived  and  flourished  in  the 
midst  of  solid  stone.  We  are  therefore  led  to  the  conclusion, 
that  each  stratum  which  contains  these  organic  remains  was 
once  the  uppermost  covering  of  the  globe,  and  that  the  animals 
for  the  most  part  lived  and  died  near  where  their  bones  or  shells 
are  now  found,  and  were  cowed  by  successive  depositions  of 
strata,  in  which  following  races  of  living  beings  flourished,  and 
in  like  manner  left  their  remains. 

Animal  or  vegetable  substances  are  found  imbedded  in  rocks, 
and  are  more  or  less  impregnated  with  mineral  matter,  and  hence 
have  been  called  petrifactions.  The  process  of  petrifaction  con- 
sists in  the  infiltration  of  mineral  matter  into  the  pores  of  bone 
or  vegetables.  In  some  instances  the  animal  or  vegetable  matl^ 
has  been  almost  entirely  dissolved  or  removed,  and  the  mineral 
matter  so  gradually  substituted,  as  to  assume  the  perfect  form  of 
the  internal  structure  either  of  the  plant  or  animal. 

The  process  of  petrifaction  may  be  more  rapidly  eflfected  than 
has  generally  been  supposed.     In  the  year  1817  1  paid  a  visit  to 

from  «  person  who  had  lived  in  the  family  part  of  the  time,  I  questioned  the  old  but- 
ler respecting  it,  and  he  fully  confirmed  the  truth  of  the  story.  It  is  much  to  be 
regretted  that  extraordinary  facts  relating  to  the  natural  history  of  animals  should 
not  be  recorded  immediately  when  they  occur,  otherwise  they  are  soon  forgotten,  or 
are  intermixed  with  fabulous  additions  which  destroy  the  entire  credit  of  the  account 
A  few  years  after  the  death  of  the  butler,  I  enquired  of  Mrs.  Colonel  Beaumoot, 
the  present  highly  intelligent  possessor  of  the  mansion,  whether  any  written  narra- 
tive of  the  above  circumstance  was  preserved  in  the  family ;  but  she  told  me  that 
she  had  never  heard  of  it,  as  the  fact  occurred  during  her  infancy. 
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the  celebrated  Dr.  Jenner,  at  BerUey,  who  informed  me  that  he 
had  made  several  experiments  upon  recent  bones,  by  burying 
them  in  the  dark  mud  from  the  has  clay :  in  less  than  twelve 
months  the  bones  became  black  throughout,  and  when  dry,  they 
were  harder,  heavier,  and  more  brittle  than  recent  bone,  and  the 
surface  was  shining.  The  specimens  which  he  showed  me,  pre* 
sented  the  same  appearance  as  the  fossil  bones  in  the  lias  clay. 
The  effect  was  probably  produced  so  speedily  by  the  presence  of 
the  sulphate  of  iron,  and  other  saline  ingredients  with  which  that 
stratum  abounds.  As  this  stratum  is  the  most  remarkable  of  all 
the  secondary  series,  for  the  large  animal  remains  which  it  con- 
tains, particularly  of  the  saurian  or  lizard  order,  and  as  the  bones 
are  frequently  covered  with  crystals  or  incrustations  of  pyrites, 
I  will  venture  to  hazard  a  conjecture  respecting  the  manner  in 
which  these  crystals,  or  incrustations  of  pyrites,  or  sulphuret  of 
iron,  are  formed.  The  stratum  before  mentioned,  contains  sul- 
phate of  iron  or  green  copperas  in  solution.  I  suppose  that  the 
carbon  in  the  animal  matter  had  decomposed  the  sulphuric  acid 
and  the  oxide  of  iron,  and  that  the  sulphur  and  iron  in  their  nas- 
cent state  had  united,  and  formed  the  sulphuret  of  iron  or  pyrites. 
I  was  led  to  this  conclusion  by  reading  an  account  by  Mr.  Pepys, 
of  some  mice  which  had  by  accident  been  immersed  in  a  jar  con- 
taining a  solution  of  sulphate  of  iron :  how  long  they  had  lain 
there  was  unknown ;  but  the  remains  were  partly  covered  with 
small  crystals  of  pyrites,  which  could  have  been  formed  only  in 
the  manner  above  suggested.  The  stone  surrounding  the  organ- 
ic remains  in  the  lias,  I  have  observed  to  be  considerably  harder 
than  the  other  parts  of  the  same  stratum.  The  organic  remains 
of  zoophytes  and  shells  in  Umestone  are  generally  harder  than 
the  stone  in  which  they  are  imbedded ;  and  on  this  account, 
when  the  stone  has  been  exposed  to  the  atmosphere  a  long  time, 
the  organic  remains  rise  above  the  surface. 

Organic  remains  are  generally  coloured  by  the  strata  in  which 
they  are  imbedded ;  in  roe-stone,  chalk,  and  the  upper  fresh-wa- 
ter limestones,  they  approach  to  a  yellowish  or  brownish  white ; 
in  lias,  bituminous  shale,  and  dark  limestone,  they  incline  to  black ; 
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and  the  shells  in  bituminous  shale  are  sometimes  filled  with  bilif « 
men  in  a  fluid  state.  In  the  strata  above  chalky  the  bones  mmi 
shells  retain  their  original  constituent  parts  very  little  changed ; 
in  chalk,  and  all  the  strata  under  chalk,  the  organic  remains  ara 
more  or  less  completely  impregnated  with  mineral  matter.  The 
outer  crust  or  shell  of  many  chalk  fossils  is  calcareous,  and  the 
internal  part  filled  with  flint.  In  some  cases  we  meet  with  an  in- 
ternal cast  formed  in  the  cavity  of  a  crustaceous  animal,  and  the 
external  covering  has  disappeared  :  in  other  instances,  the  shell 
or  cmst  of  the  animal  has  formed  a  mould  in  the  stone,  into 
which  mineral  matter  has  been  subsequently  infiltered,  and  has 
thus  made  an  external  cast 

It  is  particularly  deserving  of  attention,  that  some  animal  remains 
contain  the  most  delicate  fibres  and  spines,  perfect  and  unbroken: 
this  proves  that  the  mineral  matter  in  which  they  are  incmsted^ 
was  deposited  in  a  finely  comminuted  state,  and  in  a  tranquil  sea. 
In  some  instances  the  most  delicate  shells  are  regularly  arranged 
in  the  same  position  in  which  the  animals  lived  and  died,  whSe 
the  animal  remains  in  the  strata  above  or  below  them  are  broken 
and  confusedly  aggregated  together.  The  most  remarkable  in- 
stance of  this  kind  I  have  ever  observed,  occurs  at  Westbuy  Clifl^ 
on  the  northern  bank  of  the  river  Severn,  about  seven  miles  be- 
low Gloucester.  It  is  a  low  cliff*,  nearly  perpendicular ;  the  low* 
er  part  is  composed  of  what  is  generally  called  red  marie,  ovev 
which  are  the  lower  beds  of  lias*limestone  and  clay.  A  hw 
yards  above  the  junction  of  the  lias  and  red  marie,  there  is  a  thin 
stratum  of  dark  micaceous  stone,  entirely  filled  with  bones  and 
the  teeth  of  the  shark  and  animals  of  the  saurian  or  lizard  tribOf 
broken  and  intermixed  in  the  greatest  imaginable  disorder.  Near 
the  upper  part  of  the  chfi*,  not  many  feet  above  the  stratum  fill- 
ed with  bones,  there  is  a  thin  stratum  of  whitish  argillaceoor 
limestone,  called  white  lias,  which  is  filled  with  the  most  delicate 
minute  bivalve  shells,  all  arranged  in  the  same  position,  without 
any  intermixture  with  shells  of  other  species. 

It  is  facts  like  these  that  are  particularly  deserving  of  tlie  atten- 
tion of  the  Geologist,  as  they  mark  in  a  striking  manner  the  con- 
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vubioM  which  the  surface  of  the  globe  has  at  differetit  periods 
undergone. 

The  stratum  with  aggregated  bones  of  saurian  animals  ap- 
pears again,  on  the  other  side  of  the  Severn,  at  Aust  Passage, 
where  the  junction  of  the  lias  and  red  ground  moy  be  also  obser- 
ved ;  but  I  could  not  discover  any  trace 'of  the  white  lias  bed  with 
the  bivalves,  similar  to  those  at  Westbury  Cliff. 

Some  of  the  more  debcately  constructed  animals,  and  the  fish 
whose  bodies  are  found  entire,  imbedded  in  stone,  appear  to  have 
been  instantaneously  destroyed  and  enveloped  in  mineral  mat- 
ter, before  the  putrefactive  process  coukl  commence.* 

In  tracing  the  different  animal  remains  that  occur  in  the  lower, 
the  middle,  and  the  upper  strata,  the  circumstance  most  worthy 
of  notice,  is  the  first  appearance  of  any  of  the  different  divisions 
and  classes  of  animals,  and  of  the  orders,  genera,  or  species 
belonging  to  each  division.  In  the  luminous  arrangement  by 
Baron  Cuvier  in  his  Regne  Animal^  all  animals  are  distributed, 
according  to  their  organization,  into  four  grand  divisions — Ver* 
tebrated^  Moluscous^  Articulated,  (md  Radiated, 

J  St,  Vertebrated. — ^Animals  which  have  a  skull  and  spine  con- 
taining the  brain  and  the  principal  trunk  of  the  nervous  system, 
commonly  called  the  spinal  marrow :  they  have  red  blood.  There 
is  some  analogy  in  the  construction  of  all  animals  of  this  class, 
even  in  species  the  most  remote ;  as  man  and  the  lowest  species 
of  fish. 

2nd,  Mohtscaus, — Animals  with  no  internal  skeleton ;  the  mus- 
cles are  attached  solely  to  the  skin,  which  is  in  many  species  cov- 
ered with  shells.  The  nervous  system  and  viscera  are  composed 
of  detached  masses,  united  by  nervous  filaments ;  they  appear 
to  possess  only  the  senses  of  taste  and  sight,  and  many  species 
want  the  latter;  but  they  have  a  complete  system  of  circulation. 


*  In  the  Masenm  at  tke  Jardin  de  Plante$  in  Paris,  there  is  a  hirge  specimen  of 
two  fossil  fish,  which  are  mipposed  to  have  been  dfstroyed  and  eorered  with  miner- 
al matter,  when  one  of  them  was  in  the  very  act  of  swallowing  the  other ;  but  an  in- 
spection of  the  specimen  inclined  me  to  infer  that  the  two  heads  had  been  presse*! 
tegeUier,  by  the  incumbent  weight  of  stone  deposiM  upon  them. 
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and  particular  organs  for  respiration.    All  animab  covered  either 
by  bivalve  or  univalve  shells  belong  to  this  class. 

3rd,  Articulated. — To  thb  class  belong  insects  and  worms : 
their  nervous  system  consists  of  two  long  cords,  ranging  akNig 
the  body,  and  swelling  out  in  different  parts  into  knots  or  gan- 
glions. 

4th,  Radiated-^comprkes  all  the  animals  which  were  by  former 
naturalists  called  zoophytes,  or  animal  plants,  as  the  coraHiDes, 
&c.  which  were  long  mistaken  for  marine  vegetables.  In  am- 
imals  of  this  division,  the  organs  of  sense  and  motion  are  dis- 
posed circularly  around  a  centre  or  axia  They  have  no  distinct- 
ly marked  nervous  system,  and  the  traces  of  circnlation  in  many 
species  can  scarcely  be  discerned.  Many  of  the  animab  in  this 
division  have  no  power  of  loco-motion,  as  madrepores  and  encri- 
nites.  Others,  as  the  echinus,  possess  a  very  complex  organisa- 
tion, and  the  power  of  moving  from  place  to  place  on  their  spines, 
which  serve  them  for  feet. 

In  describing  the  order  in  which  organic  remains  belonging  to 
each  of  these  grand  divisions  are  distributed  through  the  diflferent 
classes  of  rocks,  it  will  be  more  convenient  to  begin  with  the 
lowest 

Radiated  Animals^  such  as  cncrini  and  madrepores,  have  left 
their  remains  abundantly  dispersed  through  rocks  of  the  trann- 
tion  series ;  many  of  the  strata  appear  almost  entirely  compoaed 
of  their  mineralized  exuviae,  but  generally  in  a  broken  state.  The 
chain  coral  occurs  occasionally  in  transition  limestone.  Other 
genera  of  radiated  animals  occur  in  the  more  recent  formations  of 
limestone,  but  seldom  in  sufficient  abundance  to  compose  nearly 
the  whole  mass  of  a  stratum.  This  is  the  more  remarkable,  as  cor- 
allme  animals  are  forming  extensive  calcareous  rocks  in  our  pres- 
ent seas.  Some  genera  and  species  of  radiated  animals  which 
abound  in  transition  rocks,  have  not  left  their  remains  in  any  of 
the  upper  strata.  Hence  it  might  be  inferred  that  they  were  and 
had  long  been  extinct ;  in  some  instances  the  inference  is  not 
correct :  the  Madrepora  stylinaj  so  common  in  transition  lime- 
stone, is  entirely  wanting  in  the  secondary  and  tertiary  strata : 
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but  a  living  animal  of  this  species  has  recently  been  discovered 
in  the  South  Seas.  The  Pentacrinus,  which  is  chiefly  distin- 
guished from  the  Encrinus  by  its  pentagonal  stem  and  branches, 
makes  its  first  distinct  appearance  in  the  lias;  but  is  not  frequently 
met  with  in  the  upper  strata,  and  disappears  entirely  in  the  upper- 
most formations :  hence  it  was  long  supposed  that  the  species 
was  extinct.  A  living  Pehtacrinus  has  recently  been  discovered 
in  the  West  Indies,  and  its  stem  and  branches  in  a  perfect  state 
have  been  sent  to  this  country. 

The  genus  echinus  makes  its  first  appearance  in  the  midst  of 
Ae  secondary  strata;  and  various  species  are  continued  into 
chalk,  which  abounds  with  remains  of  this  animal  in  high  pres- 
ervation. It  may  be  remarked,  that  scarcely  any  calcareous  stra- 
tum exists  abounding  in  marine  organic  remains,  in  which  re- 
mains of  some  species  of  radiated  animals  may  not  be  found. 

Articulated  Animals* — Insects  are  rarely  found  with  other  or- 
ganic remains,  but  one  of  the  oldest  inhabitants  of  the  globe  ap- 
pears to  belong  to  this  division.  It  has  in  England  been  called 
the  Dudley  fossil,  from  being  first  noticed  in  the  transition  lime- 
stone near  that  town;  it  has  also  been  called  the  Trilobite,  from 
the  three  parallel  divisions  of  the  body.  Some  of  the  species 
have  been  vulgarly  named  the  fossil  Butterfly,  from  a  resem- 
blance to  the  form  of  the  wings  and  body  of  that  insect.  It  ap- 
pears to  have  been  a  crustaceous  aquatic  animal,  with  ranges 
of  transverse  ventral  fins  somewhat  similar  to  those  under  the 
belly  of  a  lobster.  The  largest  species  of  these  animals  is  found 
in  the  slate  quarries  at  Angers  in  France.  A  perfect  specimen 
which  I  purchased  at  the  sale  of  the  late  Faujas  St.  Fond,  meas- 
ures seven  inches  in  length,  the  breadth  is  two  inches  ;  the  body 
has  taken  the  flattened  form,  conmion  to  almost  all  fossils  found 
in  slate :  it  scarcely  rises  more  than  one  third  of  an  inch  above 
the  surface  of  the  slate;  the  other  side  of  the  slate  contains  a 
perfect  impression  or  mould  of  the  form  of  the  animal.  To  this 
species  Guettard  has  given  the  name  of  Ogyges^  from  its  occur- 
rence among  the  most  ancient  rock  formations  that  contain  vesti- 
ges of  organic  life. 
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The  remains  of  insects  arc  extremely  rare  in  all  the  aecondaij 
strata  in  England,  except  in  that  anomalous  formatioo  at  Stooea- 
field,  where  the  supposed  elytra  of  coleopterous  insecta,  or  rath- 
er impressions  of  them,  occur.  In  the  same  strata,  fossil  crabs 
are  also  found  ;  and  I  have  a  specimen  from  the  oolite  near  Kings* 
cote  in  Gloucestershire,  which  appears  to  be  part  of  the  claw  of 
a  crustaceous  animal.  In  the  soft  beds  in  the  tertiar)'  strata,  the 
remains  of  crabs  are  more  common :  but  of  all  the  four  divisioDa 
of  the  animal  kingdom,  the  Articulated  has  supplied  the  small- 
est number  of  organic  remains :  this  may  be  caused  chiefly  by 
the  fragile  nature  of  their  bodies  in  most  of  the  species,  and  their 
peculiar  ipodes  of  existence. 

MoluscouM  Animals. — Shells,  chiefly  bivalves,  occur  in  the  tran- 
sition series ;  but  the  species  are  not  numerous  in  this  claas..  A 
few  species  of  chambered  univalves  occur,  but  the  individuals  of 
each  species  are  far  from  numerous.  One  or  two  species  of  ur- 
chambered  univalve  shells  are  said  to  have  been  found  in  transi- 
tion limestone ;  they  are,  however,  of  extremely  rare  occurrence. 
In  the  secondary  strata  the  number  of  species  and  of  individual 
bivalve  shells  is  greatly  increased ;  and  about  tlie  middle  of  the 
series,  chambered  spiral  shells,  uautilites  and  ammonites,  beoomn 
abundant ;  and  various  species  arc  continuecl  into  the  cbaUu 

The  trochiform  or  top-shaped  spiral  shells  first  make  thw  ap* 
pearance  in  the  strata  above  the  lias ;  and  different  genera  of 
univalve  unchambered  shells  appear,  and  become  abundant,  in 
these  strata.  In  the  transition  and  secondary  strata,  all  t^c  gene- 
ra and  species  of  moluscous  shells  are  commonly  supposed  to  diC> 
fer  from  those  of  animals  at  present  existing.  In  the  tertiary  stra- 
ta the  number  of  genera  and  species,  particularly  univalves,  is 
greatly  increased ;  and  all  the  gciieru  and  many  of  the  species, 
bear  a  close  resemblance  to,  if  they  are  not  indentical  with,  liv- 
ing genera  and  species. 

Veriebraicd  Animals. — Rem^in:^*  of  the  lowest  class,  fish,  are 
extremly  rare  in  transition  rocks ;  but  they  appear  decidiedly  ia 
the  magnesian  limestone  over  the  coal  strata ;  and  in  the  argilla- 
ceous limestone  and  clay  called  lias,  the  entire  bodies  of  fish  are 
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frequently  found  well  preserved.  In  this  stratum,  which  w  the 
most  remarkable  for  the  abundance  and  variety  of  its  organic 
remains,  we  first  meet  with  bones  of  reptiles  of  the  saurian  or  liz- 
ard class,  of  immense  size ;  but  different  from  any  existing  gene- 
ra, and  evidently  inhabitants  of  the  ocean,  being  furnished  with 
paddles  instead  of  feet.*  In  the  upper  secondary  strata,  between 
the  lias  and  chalk,  the  remains  of  saurian  animals,  closely  allied 
to  living  species  of  crocodiles  and  lizards,  are  fully  developed ; 
they  had  feet,  and  were  evidently  amphibious.  Of  the  saurian 
animals  discovered  in  this  series,  that  called  Iguanodon,  discov- 
ered by  Mr.  Mantell  at  Cuckfield  in  Sussex,  is  the  most  re- 
markable for  its  size ;  the  length  exceeding  seventy  feet,  and  the 
thickness  of  the  body  being  equal  to  that  of  the  elephant.  It  is 
supposed  to  have  been  herbivorous.  It  closely  resembles  in  struc- 
ture the  Iguana,  a  native  of  America  and  the  West  Indies. 

In  the  whole  of  the  transition,  the  lower  secondary  and  upper 
secondary  rocks,  no  remains  of  the  highest  class  of  vertebrated 
animals,  the  mammalia,  are  found,  nor  even  of  birds ;  unless  the 
strata  at  Stonesfield  belong  to  this  series,  and  form  the  only 
known  exception.  It  can  scarcely  however  be  supposed,  that 
during  the  formation  of  all  the  secondary  strata,  no  part  of  the 
earth  ^s  surface  was  dryland;  and  if  dry  land  realty  existed,  it 
might  be  tenanted  by  warm  blooded  quadrupeds;  and  if  so,  their 

*  Sir  Evenrd  Home,  and  particularly  the  Rev.  W.  D.  Conybeare,  have  elucida- 
ted the  osteology  of  these  remarkable  animale.  The  Ichtfayosaurusa  or  Fi^h  Lizard» 
was  an  auimal  intennediate  in  its  oganization  between  the  crocodile,  the  lizard,  and 
fish ;  with  paddles  long  broad  and  flat,  instead  of  feet,  designed  for  moving  rapidly 
through  the  water :  the  orbits  of  its  eyes  are  enormously  large.  It  was  an  inhabi- 
tant of  the  sea : — four  species  have  been  ascertained,  some  of  which  are  of  immense 
size.  The  Plesiosaunis,  another  genus  moire  nearly  approaching  the  organization  of 
the  lizard,  is  distinguished  from  all  oviparous  quadrupeds  by  its  slender  neck ;  which 
is  longer  than  its  body,  and  is  composed  of  no  less  than  thirty  vertebre,  exceeding 
in  number  those  in  the  neck  of  the  swiin.  This  animal  is  supposed  to  have  swam  on 
the  wa^er,  with  its  neck  arched  to  dart  on  its  prey.  The  Tesitido  ferotty  living  in 
the  rivers  in  Florida,  is  somewhat  similarly  constructed  ;  it  hides  itself  in  reeds,  and 
darts  out  its  head  suddenly  to  seize  birds  and  other  animals.  There  are  five  species 
of  the  Plesiosaurus,  some  of  them  were  more  than  twenty  feet  long.  Remains  of 
flying  lizards  have  been  discovered  in  a  fiMsU  state  in  Germany. 
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bones  might  have  been  carried  down  by  rivers  or  inandaUoDs  in- 
to the  ancient  seas  or  lakes,  at  the  bottom  of  which  were  deponl- 
ed  the  strata  containing  the  remains  of  amphibioos  reptiles.  It 
is  therefore  truly  surprising  that  an  intermixture  of  the  bones  of 
terrestrial  and  marine  animals  should  be  of  auch  rare  occurrence. 

Vertebrated,  animals  of  the  class  Birds  have  left  a  few  of 
their  remains  in  the  tertiary  strata,  particularly  in  the  beds  cf 
gypsum  near  Paris :  but  the  bones  of  birds  are  so  rare,  that  the 
existence  of  any  species  which  might  properly  be  called  foeai 
was  long  doubted.  Cetaceous  animals  allied  to  the  whale  and 
seal,  have  left  very  few  vestiges  of  their  former  existence  in  any 
of  the  strata. 

Vertebrated  land  animals  of  the  highest  class,  the  mammmlm, 
have  left  numerous  remains  in  some  parts  of  the  tertiary  foinui 
tions,  but  more  frequently  in  beds  of  ancient  gravel  or  clay,  than 
in  the  solid  strata.  Cuvier  has  ascertained  the  existence  of  fiMsO 
bones  belonging  to  about  seventy  species  of  mammiferous  quad* 
rupeds.  Nearly  forty  of  these  are  of  extinct  species,  and  eever> 
al  of  them  belong  to  extinct  genera.  A  very  considerable  nunh 
ber  of  the  large  fossil  bones  t>elong  to  the  different  genera  and 
species  of  the  order  named  by  Cuvier  Pachydermaia^  or  thick- 
skinned  non-ruminant  animals ;  as  the  elephant,  the  mastodon, 
the  tapir,  the  hippopotamus,  the  rhinoceros,  and  the  paleotheri- 
um.  As  these  bones  are  very  abundantly  found  in  many  countries 
in  Europe,  it  proves  that  the  animals  were  natives  of  temperate 
climates.  The  known  existing  species  of  the  above  genera  are 
all  inhabitants  of  countries  near  the  equator.  The  fossil  elephanti 
that  was  once  a  native  of  Europe,  according  to  Cuvier  differed 
as  much  from  the  Asiatic  or  the  African  elephant,  as  the  horse 
differs  from  the  ass.  Bones  and  teeth  of  extinct  species  of  car- 
nivorous quadrupeds  are  generally  found  in  caverns,  intermixed 
with  other  species,  in  a  broken  state.  Since  the  time  that  these 
fossil  bones  have  been  studiously  examined  by  those  naturalists 
who  have  attended  to  comparative  anatomy,  no  vestiges  of  hu- 
man remains  have  been  discovered ;  nor  have  any  of  the  bones 
of  the  animals  which  approach  nearest  to  man  in  structure,  the 
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Quadrumanes  or  monkeys,  been  yet  found  with  those  of  the  more 
ancient  inhabitants  of  the  globe^  The  vast  diluvial  beds  of  grav- 
el  and  clay,  the  upper  strata  in  Asia,  have  however  not  yet  been 
scientifically  explored;  and  both  sacred  and  profane  writers 
agree  in  regarding  the  temperate  regions  of  that  continent  as  the 
cradle  of  the  human  race.* 

Vegetable  fossil  remains  are  not  so  highly  interesting  as  those 
of  animals ;  but  they  present  us  with  many  phenomena,  which 
are  extremely  curious.  A  brief  outline  of  them  is  here  given ; 
and  a  further  account  of  vegetable  remains  will  be  found  in  the 
chapter  on  the  Coal  Strata.  Bituminous  or  vegetable  matter  oc- 
curs in  some  of  the  slate  rocks  of  the  transition  series,  and  in- 
creases in  quantity  in  the  soft  slate  or  shale  of  the  secondary 
strata,  where  we  find  portions  of  plants  well  preserved  and  in 
great  abundance.  Vegetable  remains  are  also  found  abundantly 
in  some  of  the  sandstones  in  the  secondary  strata,  and  also  in  the 
beds  of  clay  of  the  tertiary  strata.  The  fossil  remains  of  plants 
are  rarely  if  ever  found  in  the  lower  calcareous  strata ;  nor  could 
we  expect  to  meet  with  them  there,  as  these  strata  were  evident- 
ly formed  at  the  bottom  of  ancient  seas.  If  such  remains  occa- 
sionally occur  in  the  upper  calcareous  strata,  it  is  reasonable  to 
believe  that  they  had  been  carried  by  rivers  into  ancient  seas  or 
lakes,  and  intermixed  with  the  remains  of  aquatic  animals  that 

*  It  ha9  been  coojectured  by  tome  persons,  diat  the  bones  of  man  are  more  fragile 
and  perishable  than  those  of  land  quadrupeds;  but  this  is  contrary  to  experience; 
for  it  has  been  well  observed  by  Cuvier,  that  the  bones  of  men,  left  on  the  field 
of  battle  with  those  of  horses,  are  as  well  preserved  as  the  latter,  making  allowance 
lor  the  difference  of  size.  Neither  is  there  any  essential  diflference  in  the  chemical 
constituent  parts  of  human  bone  from  that  of  other  animals  of  the  class  mammalia. 
Dry  bones,  according  to  Berzelius,  contain  as  under : 

Human 
Bones. 

Cartilage,       -        -        -.       -        -    83 

Phosphate  of  lime,         -        -        -    61 

Carbonate  of  lime,  -        -        -    11.5 

Fluate  of  lime,       -        -        -        -      2 

Phosphate  of  magnesia,  -        -      1.2 

Sod«  and  muriate  of  soda,        -       -      1.3 
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perished  there.  In  this  manner  also  may  we  account  for  the  ap« 
pearance  of  vegetables  in  ancient  strata  or  beds  of  clay  cootain- 
ing  marine  shells  and  the  teeth  or  bones  of  fish.  The  vegetable 
remains  in  the  transition  and  secondary  strata  belong  chiefly  to 
monocotyledonous  plants,  analogous  to  palms,  reeds,  or  femsi. 
Some  of  the  latter  are  of  gigantic  size :  and  it  has  been  observ- 
ed, that  none  of  the  fossil  plants  that  have  been  examined,  be- 
long to  species  existing  in  Em'ope,  but  many  of  them  are  suppo* 
sod  to  resemble  species  at  present  flourishing  in  tropical  climates. 
In  the  upper  or  tertiary  strata  we  meet  with  arborescent  plants* 
In  some  situations  we  find  that  the  woody  part  is  only  partiatty 
mineralized ;  but  in  other  situations,  in  the  upper  strata,  fonil 
vegetables  are  more  completely  mineralized  than  in  the  lower 
strata,  being  apparently  changed  into  flint,  or  silicefied:  but 
in  this  state,  when  the  silicefied  substance  wiU  strike  fire 
steel,  and  cut  glass,  the  form  of  the  minutest  vegetable  fibres  may 
often  be  perceived,  and  some  trace  of  the  original  vegetable 
principles  may  be  discovered  by  chemical  analysb* 

OBSERVATIONS. 

The  author  has  attempted  in  this  chapter  to  give  a  succinct  account 
of  the  Geological  distribution  of  fossil  oi^ganic  remains,  belonging  to 
the  four  grand  divisions  of  the  animal  kingdom.  This  he  conceives 
will  interest  the  learner,  for  whose  use  it  was  chiefly  intended,  more 
than  a  detailed  account  of  the  remains  of  the  genera  or  species  sap- 
posed  to  be  peculiar  to  different  rock  formations.  With  respect  to 
fossil  conchology,  he  is  inclined  to  believe,  that  the  attempt  to  iden^ 
tify  the  strata  of  distant  countries  by  the  isolated  occurrence  of  any 
particular  species  of  shell,  has  been  carried  further  than  a  sound  in- 
duction from  facts  or  analogy  would  warrant.  His  opinion  on  this 
subject,  given  in  the  2d  edition  of  this  work,  he  will  here  insert. 
"It  may  be  doubted  whether  the  occurrence  of  similar  organic  re- 
mains, is  sufficient  to  identify  strata  in  distant  parts  of  the  globe ;  for 
could  we  admit  that  strata  are  universal  formations,  and  extended 
from  the  frozen  to  the  torrid  zone,  it  seems  more  than  probable,  that 
the  animals  which  lived  on  any  one  particular  stratum,  would  be  of 
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Tery  different  species  in  different  latitades.^^ — ^We  know  so  little  re- 
specting the  forms  or  habits  of  the  animals  classed  by  the  conchologist, 
that  we  are  far  from  certain,  whether  many  shells  which  he  regards 
as  belonging  to  different  species  or  even  genera,  are  not  mere  varie- 
ties of  form,  occasioned  by  difference  of  age  or  situation.  Such  a 
change  is  ascertained  to  take  place  by  age  in  shells  of  the  genus 
Cyprea, 

In  animals  like  the  raoluscao,  which  have  no  internal  skeleton  to  de- 
termine their  form,  the  construction  of  the  external  shell  may  proba- 
bly admit  of  considerable  variation  under  a  change  of  circumstances. 
Few  conchologists  excepting  M.  D^  A  villa  have  made  accurate  obser- 
vations on  the  living  animals  inhabiting  oceanic  shells.  His  interest- 
ing work,  entitled  ^  UHisioire  NatarelU  eclaircie  dans  une  de  $es  par- 
ties  prtnetpolef,  la  Conchologie  et  avgmentee  de  la  Zoomorphose  ou  Rep- 
reseniation  de$  animattx  d  eoquUUi  avee  leurs  expltcotumt,'— presents 
us  with  some  truly  extraordinary  forms  of  moluscous  animals,  of  which 
we  could  not  have  had  a  remote  noUon  from  the  mere  study  of  the 
shell. 

In  strata  belonging  to  one  formation  and  in  adjacent  districts,  the 
existence  of  certain  shells,  whether  we  regard  them  as  distinct  species 
or  as  varieties,  may  be  of  use  in  identifying  any  particular  bed ; — and 
in  distant  countries  where  we  find  the  same  remarkable  species  of 
shell  associated  with  any  other  remarkable  species  in  considerable 
numbers,  it  may  serve  to  identify  a  particular  rock-formation,  where 
the  mineral  character  of  the  rock  may  be  very  different  from  that  in 
which  the  observer  has  been  accustomed  to  meet  with  them.  The 
occurrence  of  a  considerable  number  of  grypheae,  the  Grypkea  arcu- 
ata^  in  a  bed  of  blue  clay  in  the  mountains  round  the  Lake  of  Annecy 
in  Savoy, — served  the  author  as  a  key  to  discover  to  what  formation 
the  calcareous  strata  beloi^ed,  when  their  mineral  characters  would 
have  indicated  a  more  ancient  series. 


CHAPl^R  III. 

ON  THE   MINERAL  SUBSTANCES  TITAT  COMPOSE  THE  CRUST  OP 
THE  GLOBE ;  AND  OK  THE  STRUCTURE  OF  ROCKS. 

The  constitiieiit  Elements  of  the  rimple  Minerals  that  coinj>om  Roeks. — The  phyaical 
Charaetert  of  simple  Minerals  composing  Rocks.— rExplanation  of  the  Terms  em* 
ployed  in  describing  the  internal  Structure  of  Rocks,  and  the  external  Stmcturv 
of  Mountain  Masses. 

The  most  careless  observer  can  scarcely  fail  to  notice,  that  the 
mineral  substances  which  occur  on  the  surface  of  the  globe  dif- 
fer from  each  other  in  density,  hardness,  colour,  and  other  sensi- 
ble qualities.  Indeed  the  diJBTercnt  varieties  of  stone  appear  at 
first  so  numerous  as  to  render  it  difficult  to  become  acquainted 
with  them  : — but,  however  numerous  tliese  varieties  may  be 
thought,  the  simple  minerals  which  compose  rocks  or  strata  are 
very  few ;  and  the  elementary  substances  of  which  each  of  these 
minerals  is  formed,  are  still  fewer.* 

The  elementary  substances  of  which  the  solid  matter  of  our 
globe  is  composed,  are  the  Earths — sxlex^  cdutnine^  lime  and  mag^ 
nesiiL  The  Metals — iron  and  manganese.  The  InJlwnmMe 
Principles — carbon  and  sulplmr;  and  X\\q Alkalies — potash^  soda 
and  lithicL — Muriatic  and  Phosphoric  Acid  occur  also  in  the  miii- 


*  The  tninei^alogist  ind  the  geologist  consider  those  ndnerals  as  simple  and  hooH^ 
geneous,  wUch  present  no  difierenee  of  qualities  to  our  senses  throughout  the  mats* 
although  the  chemist  may  discover  that  such  minerals  are  composed  of  two  or  more 
elementary  substances.  Thus  limestone  or  marble  is  regarded  as  a  simple  substance, 
though  chemistry  has  discovered  that  it  contains  io  every  hundred  parts — lime  57 
parts,  and  carbonic  acid  48.  It  is  the  latter  which  is  expelled  from  it  by  burning,— 
a  process  which  is  well  known  to  make  the  stone  lighter  and  to  render  it  caustic,  in 
which  state  it  is  called  quicklime.  Nor  do  the  researches  of  the  chemist  end  here  : 
the  two  substances  quicklime  or  pure  lime,  and  carbonic  acid,  are  themselves  com- 
pounds ;  the  former,  lime,  is  a  compound  of  a  metallic  substance  called  calcium,  uni- 
ted with  oxygen ;  the  latter,  or  carbonic  acid«  is  composed  of  oxygen  and  carbon  or 
charcoal. 
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eral  kingdom : — the  newly  discovered  earths  and  alkalies  and  me- 
tallic ores  cannot  be  regarded  as  forming  essential  constituent 
parts  of  rocks,  they  occur  chiefly  in  veins.  The  first  five  sub- 
stances above  enumerated  compose  nineteen  parts  in  twenty  of 
the  known  solid  matter  of  the  globe.  The  Earths  when  pure 
are  infusible,  except  at  an  intense  heat ;  they  are  nearly  insolu- 
ble in  water  at  the  common  temperature :  when  pure,  they  are 
white  or  colourless.  Though  the  earths  are  infusible  when  pure, 
if  they  are  combined  in  certain  proportions,  they  may  be  fused 
with  facility  at  a  comparatively  low  temperature. 

SUeXf  or  SUiceom  Earthy  exists  nearly  pure  in  large  masses, 
forming  minerals  and  even  entire  rocks ;  as  rock-crystal,  quartz- 
rock,  and  flint :  it  communicates  a  great  degree  of  hardness  to 
all  rocks  or  stones  in  which  it  enters  in  a  large  proportion.  Such 
stones  are  denominated  Siliceous ;  they  resist  the  point  of  a  knife, 
or  scratch  glass.  In  its  combinations  with  other  earths  Silex  ap- 
pears to  act  as  an  acid.  More  than  one  half  of  thei  crust  of  the 
globe  is  composed  of  siliceous  earth  either  pure  or  combined. 
In  some  thermal  waters,  siliceous  earth  occurs  either  in  a  state 
of  minute  division  or  in  solution ;  and  the  waters  of  the  boiling 
springs  or  geyzers  in  Iceland  deposit  siliceous  incrustations  of 
considerable  thickness. 

Aluminej  pure  argillaceous  Earth, — Lat  argiUa — Fr.  argille^ — 
is  a  substance  which  in  a  mixed  state  is  well  known ;  but  pure 
unmixed  clay  is  one  of  the  rarest  substances  in  the  mineral  king- 
dom. This  earth  is  sofl,  smooth,  and  unctuous  to  the  touch ;  it 
strongly  absorbs  water ;  where  it  exists  in  the  proportion  of  thir- 
ty per  cent,  it  communicates  in  some  degree  these  properties : 
such  rocks  are  called  argillaceous ;  they  generally  contain  a  no- 
table portion  of  iron,  which  appears  to  have  a  greater  affinity  for 
this  earth  than  for  any  other.* 


*  Though  alumine  or  pure  cUy  communicates  a  soft  quality  to  moft  stones  of  which 
it  forms  a  principal  constituent  part,  a  very  remarkable  exception  to  this  is  oflered  iu 
adamantine  spar  and  the  sapphire,  which  nearly  equal  the  diamond  in  hardness.  Kla- 
pro&,  one  of  the  most  lahorous  and  eminent  chenistB  of  the  present  age,  has  aaalyied 
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Limey — Lat.  ccdx. — Fr.  chaux^ — is  a  well  known  earth  conr- 
bined  with  carbonic  acid,  in  which  state  it  fonns  limestone,  mar- 
ble, and  chalk :  these  differ  from  each  other  only  by  different  de- 
grees of  hardness,  or  of  crystallization.  Mountains  composed 
of  lime  arc  denominated  calcareous.  When  lime  is  anited  with 
sulphuric  acid,  it  forms  the  stone  called  gypsum,  which  is  softer 
than  limestone,  and  does  not,  like  it,  effervesce  with  acids.  Cal- 
careous  earth  mixed  with  common  clay  forms  marie. 

Ma^esia  has  rarely  been  found  pure  in  a  native  state.  It  en- 
ters into  the  composition  of  some  of  the  primary  rocks,  to  which 
it  generally  communicates  a  soapy  feel,  a  striated  or  striped  tex- 
ture, and  sometimes  a  greenish  colour.  It  occurs  also  in  varkMis 
limestones  in  different  proportions. 

Iron  appears  to  be  more  abundant  than  magnesian  earth ;  it 
forms  a  constituent  part  of  numerous  rocks  and  stones ;  to  it  they 
most  frequently  owe  their  colour ;  the  earths  when  pure  are  white. 
Iron  when  in  combination  with  the  earths  is  like  them  an  oxide, 
or  a  metal  united  with  oxygen.  To  the  presence  of  iron,  the  iI^ 
crease  of  specific  gravity  in  all  stones  or  earthy  minerals  may 
be  attributed,  if  it  much  exceed  2.5,  or  approach  3 :  in  other 
words,  if  they  are  nearly  three  times  heavier  than  an  equal  bulk 
of  water.  Gems  and  the  earths  barytes  and  strontian  are  excep- 
tions, but  these  never  form  entire  rocks.  The  presence  of  iron 
not  only  increases  the  weight,  and  darkens  the  colour  of  numer- 
ous rocks  and  stones,  but  is  one  principal  means  of  their  decom- 
position, for  iron  exists  in  stones  in  two  states  of  oxygenation, 
as  the  black  or  the  red  oxide ;  and  when  the  former  is  exposed  to 
air  and  moisture,  it  absorbs  a  greater  portion  of  oxygen,  and  n 
converted  into  a  brown  ochrey  incrustation,  which  peels  off,  and 
exposes  a  fresh  surface  of  the  stone  to  a  similar  process. 


these  stones :  the  former  contains  90  parts  in  the  100  of  pure  clay ;  the  latter  95  parts 
in  the  same  quantity.  **What  a  hl^t^h  degree  of  cohesive  power  (he  observes)  must 
nature  command,  to  be  able  to  transform  such  a  common  substance  as  clay  (alumin- 
ous earth)  into  a  body  so  eminently  distinguished  and  ennobled  as  the  sapphire  by  its 
hardness,  hrilliancy,  and  its  resistance  to  the  action  of  fire,  of  acids,  or  the  effects  of 
aU-dMtroyfaig  time  \-^Klaprcth^$  E$$aifi. 
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Manganese^  in  a  state  of  oxide  occurs  in  a  few  rocks,  to  which 
it  generally  communicates  a  dull  reddish  colour  inclining  to  pur- 
ple, and  a  peculiarly  dry  and  burnt-like  appearance. 

Sulphur^  though  found  in  considerable  masses,  cannot  by  itself 
be  regarded  as  a  constituent  part  of  rocks ;  but  when  it  is  com- 
bined with  oxygen  forming-sulphuric  acid,  it  unites  with  lime  and 
forms  the  well-known  mineral  gypsum  or  plaster  stone. 

Carbon  or  Charcoal  enters  as  a  constituent  part  into  many  of 
the  slate  rocks,  to  which  it  generally  communicates  a  dark  colour, 
it  forms  also  regular  beds  of  considerable  thickness,  being  the 
principal  constituent  part  of  coal.  Carbon  combined  with  oxy- 
gen, forms  carbonic  acid  or  fixed  air,  which  is  combined  and  so- 
lidified in  all  limestone  rocks  in  a  proportion  exceeding  two^ 
fifths  of  the  whole  weight.  As  carbon  exists  in  such  a  large  pro- 
portion in  even  the  oldest  limestones,  we  may  regard  it  as  a  con- 
stituent element,  and  not  as  a  substance  derived  from  the  vege- 
table kingdom.  For  whence  did  the  vegetables  themselves  de- 
rive their  carbon  ? 

Potass  and  Soda. — 'These  alkalies  occur  in  minerals  which 
compose  parts  both  of  primary  and  volcanic  rocks ;  but  the  pro- 
portion is  BO  small  that  they  would  scarcely  deserve  the  attention 
of  the  geologist,  did  not  the  latter  alkali,  exist  in  such  abundance 
in  the  waters  of  the  ocean  and  in  rock  salt  Pure  sea  salt  or 
rock  salt  contains  nearly  53^  parts  of  soda  46|  muriatic  acid  or 
chlorine. 

Muriatic  acid  combined  with  soda  is  the  only  state  in  which 
this  acid  forms  a  constituent  part  of  any  rocks  we  are  yet  ac- 
quainted with ;  except  in  some  volcanic  rocks,  where  it  may  be  re- 
garded as  accidental. 

Phosphoric  Acid  combined  with  calcareous  earth,  is  a  princi- 
pal constituent  of  animal  bones :  it  occurs  also  in  a  few  limestone 
beds,  which  are  supposed  to  have  derived  Phosphoric  acid  from 
the  decomposition  of  animal  matter  :  this  acid  is  of  very  rare  oc- 
currence in  the  mineral  kingdom. 

The  above  elementary  substances,  either  separately  or  com- 
bined, form  all  the  simple  minerals  of  which  rocks  are  composed. 
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A  koowledgc  of  these  minerals  and  their  different  interoiixttires 
and  combinations,  can  be  learned  only  by  an  exaaiination  of 
specimens ;  they  are,  however,  far  from  being  numerous,  and  t 
short  description  of  each  is  necessary  in  an  introductory  treatise. 

The  most  important  simple  minerals  compoaing  rockt  aie 
quartz,  felspar,  mica,  talc,  chlorite,  hornblende,  serpeotine,  linw- 
stone,  and  slate. 

Quartz  is  one  of  the  hardest  minerals  of  which  mountain  raai- 
ses  are  composed :  it  gives  plentiful  sparks  with  steel ;  it  breab 
with  a  smart  stroke  of  the  hammer  ;  the  surface  of  the  fracture 
in  crystallized  quartz  is  conchoidal,  in  uncrystallized,  aplintery^ 
the  lustre  is  vitreous.  Crystals  of  quartz,  or  rock-crystala,  as  they 
are  commonly  denominated,  have  different  degrees  of  trmnspar 
ency ;  the  blue  varieties  are  amethysts.  The  most  common  form 
of  the  crystals  are  six-sided  prisms  terminated  by  six-sided  pyra- 
mids, or  two  six-sided  pyramids  united,  forming  a  dodecahedroo 
whose  faces  are  isosceles  triangles.  Uncrystallized  quartz  is  sel- 
dom transparent,  most  frequently  translucent,  but  sometimes 
opaque.  Its  colours  are  various  shades  of  white,  grey,  brown, 
yellow,  red,  and  green.  It  yields  a  phosphorescent  light  and  pe- 
culiar odour  when  rubbed.  Quartz  is  composed  of  siliceous  earth 
combined  with  a  very  small  portion  of  alumine.  It  is  infusibk 
when  unmixed;  but  with  alkalies  it  melts  easily,  .and  forms  the 
weU  known  substance  called  glass.  It  is  not  acted  upon  by  any 
acid  except  the  fluoric.  Quartz  exists  in  veins  intersecting  moun- 
tains, and  it  sometimes  forms  large  beds,  and  even  entire  moun- 
tains, which  are  composed  of  this  mineral  in  grains  united  with- 
out a  cement,  called  granular  quartz.  Fragments  or  crystals  of 
quartz  are  common  in  compound  rocks.  Grains  of  quartz  focin 
a  principal  constituent  part  of  most  sandstones.  The  milk-white 
pebbles  in  gravel  are  composed  of  quartz.  Flint,  chert  or  hom- 
«tone,  opal,  chalcedony,  and  agate,  are  different  modifications  of 
siliceous  earth,  which  in  their  chemical  composition  differ  btlle 
from  quartz.  Combined  with  a  large  portion  of  alumine  and  iron, 
quartz  loses  its  translucency  and  passes  into  jasper,  which  forms 
beds  in  primitive  mountains,  and  is  said  to  compose  the  sub- 
stance of  entire  ranges  of  mountains  in  Asia. 
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FeUpar  intfdd^gpar  (a  namo  received  from  the  Germans)  10 
a  constituent  part  of  numerous  rocks.  It  is  hard  in  a  somewhat 
less  degree  than  qoartx,  and  is  more  easily  broken.  It  is  laminar, 
or  composed  of  thin  lamince  or  plates,  by  which  it  may  be  gen- 
erally distinguished  from  quartx.  The  crystals  are  most  common* 
ly  four-sided  or  sijc-sided  prisms,  whose  length  is  greater  than  the 
breadth.  It  has  a  shining  lustre.  The  colours  are  white,  gray, 
milk-white,  yellowbhv  or  reddish  white,  sometimes  inclining  to 
green.  The  red  passes  through  various  shades,  from  a  pale  to  a 
deep  red.  Crystallised  felspar  is  translucent.  It  may  be  melted 
without  the  admixture  of  alkalies,  and  forms  a  glass  more  or  less 
transparent,  which  quality  it  derives  from  the  lime  or  alkali  that 
composes  part  of  its  constituent  ingredients ;  but  di&rent  speci* 
mens  of  this  mineral  vary,  according  to  the  analyses  of  the  same 
chemisU 

Silex 63  —  74 

Alumine 17  — 14 

Potash 13  — 

Lime 3 —   6 

Oiide  of  iron 1  -^ 

Loss         -       -        -        --        -         3  —  6 

Others  give  the  proportion  of  silex  46,  alumine  34,  lime  6. 

The  existence  of  potash  or  the  vegetable  alkali  in  felspar,  is 
a  fact  deserving  particular  attention.*  It  may  be  owing  to  this 
circumstance  that  felspar  is  so  frequently  observed  in  a  soft  or  de- 
composing state,  although  its  hardness  is  little  inferior  to  that  of 
quartz  when  undecayed.  Those  felspars  which  are  durable  are 
probably  free  from  potash.  Felspar  is  sometimes  uncrystallized 
and  compact,  in  which  state  it  is  classed  by  the  French  mineral- 
ogists with  petrosilex  or  hornstone.    Compact  felspar,  however, 

*  It  haf  recently  been  diseovered,  that  io  lome  of  the  fSsIspadilc  rocks,  soda  occu- 
t>iee  the  pl«9e  of  potnah,  and  giTea  a  rfigbt  change  to  Uie  eryatalfiiie  &rm :  thta  Ttri- 
ety  aome  mlneralopata  are  deabvoa  of  maldng  a  new  qradea,  and  hare  propoaed  to 
ghre  it  the  name  of  OleaTolaodHe ;  but  geology  and  mmeralogy  are  abeady  too  much 
burdened  with  unmeaning  termi,  and  if  a  new  name  must  be  introduced,  ttiat  of  fel- 
aparlte  would  at  once  coftyey  to  Idea  of  its  approximation  to  feh|>ar. 
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differs  from  hornstooe,  the  latter  being  infusible  without  the  aidi- 
tion  of  alkalies. 

Mica  derives  its  name  from  the  Latin  nucams^  glitteriiig.  It  is 
known  as  the  substance  called  Muscovy  glass«  and  has  a  splendid 
lustre.  It  consists  of  very  thin  leaves  or  larains, .  which  may  be 
easily  separated  with  a  knife.  The  plates  are  elastic,  by  whick 
it  may  be  distinguished  from  the  mineral  called  talc  The  this 
plates  are  transparent  The  colours  of  the  thick  plates  are  yd- 
low,  gray,  blackish  green,  white,  and  brown.  The  suiface  maj 
be  scratched  with  a  knife :  it  melts  into  an  enamel  with  the  blow- 
pipe ;  it  is  rarely  met  with  crystallized. 

Talc  nearly  resembles  mica  in  appearance.  The  plates  are 
flexible,  but  not  elastic :  it  is  much  softer  than  mica,  and  is  infii- 
sible ;  its  colours  generally  incline  towards  green  ;  but  it  is  some- 
times a  silver  white :  it  has  a  soapy  feel.  Chlorite^  which  is  near- 
ly allied  to  talc,  derives  its  name  from  chlorosy  the  Greek  word 
signifying  green.  Talc  and  chlorite  pass  by  insensible  gradations 
into  each  other,  and  in  this  state  they  supply  the  place  of  mica 
in  most  of  the  granitic  rocks  that  I  have  examined  in  the  vicinity 
of  Mont  Blanc.  Cholorite  is  of  a  darkish  dull  green  colour ;  it 
has  a  glistening  lustre;  its  structure  is  minutely  foliated;  itii 
soft,  and  rather  unctuous.  The  constituents  of  these  three  mm- 
erals  are, 

Mict. 

Silex        -        -        -        .       50    - 

Alumine  -        -        -       35    — 

Lime       -        -        -        .         i    _ 

Magnesia         -        .        .         2    — 

Oxide  of  iron  -        -         6    — 

Water  and  loss        -        -         6    — 
but  these  proportions  vary  in  different  specimens. 

Hornblende^  to  which  the  French  give  the  name  of 
forms  a  constituent  part  of  many  rocks,  and  appears  to  connect 
the  primary  with  those  which  are  of  volcanic  origin.  It  is  of  a 
black  or  dark  green  color :  it  is  heavier  but  less  hard  than  quartz 
or  felspar  ;  it  may  be  scratched  with  a  knife,  and  the  colour  of 


Talc 

Chkciae 

62 

— 

41 

2 

— 

6 

1 

40 

27 

.^_ 

3 

— 

10, 

6 

2 

:/*.'iWj 
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the  streak  is  a  light  green :  it  yields  a  bitter  smell  when  breathed 
upon,  and  melts  easily  into  a  black  glass.  Common  hornblende 
is  often  confusedly  crystallized ;  it  sometimes  forms  entire  moun- 
tains, or  slaty  beds  in  mountains,  and  is  very  commonly  met 
with,  in  granular  pieces,  as  an  ingredient  in  compound  rocks : 
when  it  becomes  more  abundantly  and  minutely  disseminated  in 
them,  it  foribs  what  are  denominated  trap  rocks,  whose  origin 
has  greatly  divided  the  opinions  of  gedogists.  Hornblende  and 
the  rocks  to  which  it  is  most  nearly  alGed  contain  as  under : 


Silex       .       • 

* 

HornUeiide.       Baidt. 
.       42      —     44 

Obsidian  or       Lava 
▼olcaoic  ^laai. 

—       72—49 

Alumine  - 

8—16 

—       12      —     35 

Magnesia 
Lime 

16—2 
9     —       9 

—  sometimes    4 

Oxide  of  iron  - 
Soda 

• 

23      —     20 
—       4 

(  2  with          -2 
(  manganese. 

—  6  with  potash. 

Manganese 

1 

Water  and  loss 
Another  mineral  substance  called  serpentine^  from  its  spotted 
colours  resembling  the  serpent^s  skin,  will  afterwards  be  descri- 
bed as  forming  entire  rocks :  it  differs  in  composition  from  horn- 
blende by  having  a  larger  portion  of  magnesia  and  less  iron  ;  it 
may  perhaps  be  regarded  as  an  intimate  combination  of  horn* 
blende  with  talc  or  chlorite.  Its  component  parts,  as  given  by 
different  chemists,  are  as  under : 


Silex  -  - 
Alumine  - 
Magnesia  - 
Iron  •  - 
Lime    -    - 


45  —  29  —  45 

18—23 

23  —  34  —  33 

3  —   4  —  14  with  a  trace  of  alumine. 
—      —   6 
Water  and  loss    11  —  10  —    8 

From  these  analyses  it  is  evident  that  the  specimens  vary  in 
their  componeBt  parts ;  in  soooe,  the  proportions  are  almost  the 

6 
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same  as  in  hornblende  ;  in  others,  they  more  nearly  agree  witk 
talc  and  chlorite. 

Limestone^  Carbonate  of  limc^  however  various  in  external  ap- 
pearance it  may  be,  is,  if  pure,  essentially  composed  of  57  parts 
of  Ume  and  43  carbonic  acid ;  but  in  some  rocks  the  limestone 
is  intermixed  with  magnesia,  alumine,  silex  or  iron.  The  spe- 
cific gravity  of  limestone  varies  from  3.50  to  3.80.  AH  limestones 
may  be  scraped  with  a  knife.  They  are  infusible ;  but  when  im- 
pure by  an  intermixture  with  a  portion  of  other  earths,  they  vitrify 
in  burning.  All  limestones  effervesce  when  a  drop  of  strong  acid 
is  applied  on  the  surface,  and  they  dissolve  entirely  in  nitric  or 
muriatic  acid.  The  specific  gravity,  hardness,  and  effervescence 
with  acids  taken  collectively,  distinguish  limestone  from  all  other 
minerals. 

Crystallized  Carbonate  of  Lime^  Calcareous  Spar^  occurs 
crystallized  in  a  great  variety  of  forms ;  but  the  crystals  break 
easily  with  the  stroke  of  a  hammer,  and  the  fragments  are  al- 
ways rhomboidal. 

Vast  mountains  and  extensive  strata  of  limestone  cover  a  large 
portion  of  many  countries.  The  varieties  of  limestone  will  be 
described,  as  the  rocks  occur  in  the  primary  or  secondary  series. 
The  different  appearance  of  statuary  marble  and  chalk  is  well 
known  to  every  one.  They  are  only  different  modifications  of 
limestone,  and  are  chemically  the  same.  Magncsian  limestone, 
sometimes  caUed  Dolomite,  possesses  most  of  the  physical'  char- 
acters of  common  limestone,  but  contains  various  proportions  of 
magnesia :  it  will  be  described  when  we  treat  of  the  rocks  with 
which  it  is  associated. 

Gypsum  or  Sulphate  of  LimCy  is  far  less  abundant  than  Car- 
bonate of  Lime,  but  it  forms  in  some  situations  beds  ctf*  consid- 
erable thickness  and  extent.  Gypsum  is  generally  of  a  colour 
inclining  to  white,  and  is  sometimes  snow-white.  Common  gyp- 
sum has  a  laminated  or  granular  structure,  and  is  sometimes  com- 
pact It  is  much  softer  than  common  limestone,  and '  may  be 
scratched  with  the  hail :  it  does  not  effervesce  with  acids.  Crys- 
tallized gypsum  has  the  properties  of  common  gypsum  ;  it  is  fre- 
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quently  called. selenite.  The  constituent  parts  of  gypsum  are 
lime  32.7,  sulphuric  acid  46.3,  and  water  21.  A  variety  of  gyp- 
sum which  has  no  water  in  its  composition,  and  hence  called  an- 
hydrous, occurs  in  beds  in  the  Savoy  Alps;  it  is  there  combined 
with  siliceous  earth.  It  is  much  harder  than  common  gypsum, 
and  even  than  common  limestone.  The  specific  gravity  of  com- 
mon gypsum  varies,  from  2.16  to  2.28,  that  of  anhydrous  gypsum 
is  from  2.80  to  2.90.  Gypsum  under  the  name  of  plaster  stone 
is  a  mineral  generally  known. 

Slate^  improperly  called  by  some  gedogists  Clayslate,  and  by 
the  old  geologists  Argillaceous  Schistus,  is  well  known, — at  least 
the  common  variety  used  as  roofing-slate,  which  may  be  regar- 
ded as  the  purest  form  of  this  mineral 

The  prevailing  colours  of  slate  are  bluish  (ht  greenish  gray ;  it 
has  a  silky  lustre.  Slate  rocks  have  frequently  a  distinct  slaty 
structure,  and  may  even  be  split  in  two  directions,  which  have 
an  acute  angle  with  each  other ;  but  some  slate  rocks  have  a  com- 
pact structure,  and  will  not  admit  of  splitting ;  slate  yields  to  the 
knife,  it  is  fusible  into  a  black  slagg.  The  composition  of  slate 
is  various;  indeed  by  many  geologists  it  is  not  regarded  as  an 
homogeneous  rock.  Its  composition  has  been  given  as  under : 
silex  48,  alumine  23,  manganese  1.6,  oxide  of  iron  1 1.3,  oxide  of 
manganese  0.5,  potass  4.7,  carbon  0.3,  water  7.6.  The  quantity 
of  carbon  increases  in  the  upper  formations  of  slate,  and  it 
passes  by  a  greater  admixture  of  carbon  into  a  soft  dark  slaty 
bed,  denominated  shale  by  the  English  miners.  Slate  is  a  very 
extensive  formation,  composing  entire  mountains  in  many  al- 
pine districts. 

BasdU  and  compact  lavas  are  classed  by  some  mineralogists 
with  simple  minerals,  but  they  are  composed  of  tlvee  or  more 
simple  minerals  closely  united : — they  will  be  afterwards  described. 

Some  of  the  minerals  here  enumerated  compose  entire  rocks  ; 
other  rocks  are  composed  of  an  intermixture  of  two  or  more  sim- 
ple minerals,  either  cemented  together  by  another  mineral  sub- 
stance, or  the  minerals  are  crystallized  and  united  without  a  ce- 
ment The  diflferent  modes  in  which  simple  minerals  are  found 
united  together  in  rocks  have  given  rise  to  the  following  terms. 
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etraniiic^  composed  of  groins  or  crystals  united  withoat  a  cemeatf 
as  in  granites  and  some  sandstones. 

Parpkgrilic^  composed  of  a  compact  homogeneoiui  rodi,  in 
which  distinct  crystals  or  grains  are  imbedded.  The  compact 
stone  is  called  the  base,  and  sometimes  the  paste.  The  base 
of  some  porphyritic  rocks  is  granitic ;  in  this  case  some  of  the 
crystals  are  much  larger  than  the  rest 

AmygdalaidaU  containing  rounded  cavities  filled  with  mineral 
matter  of  a  different  kind. 

Breccia  is  composed  of  angular  fragments  of  ro^pks  cemented  to- 
gether. 

Pudding'St&ne  consists  of  rounded  stones  imbedded  in  a  paste: 
Fragments  of  stone  broken  from  simple  rocks  display  the  ilnio* 

lure  of  the  internal  parts.    The  face  of  the  broken  part  is  caOed 

the  fracture.    This  internal  structure  may  be  denominated  the 

mineral  structure,  and  is  either 

Coittpact^  without  any  distinguishable  parts  or  divisions — or 

Earthy^  comprised  of  minute  parts  resembling  dried  earth. 

Granular^  composed  of  grains. 

Fibrous^  composed  of  long  and  minute  fibres. 

Radiatedj  when  the  fibres  are  broader  and  flattish,  and  diterging; 

Lamellar  or  Foliated^  composed  of  minute  plates  laid  over  eac^ 
otlier. 

Porous^  penetrated  by  pores. 

Cellular  or  Vesicular^  when  the  pores  swell  into  rounded  caTitim 
like  bladders,  as  in  soihe  lavas. 

Blatjf  or  Laminar^  composed  of  straight  parallel  thin  plates,  or 
laminse. 

The  structure  of  compound  rocks  may  also  be  Slaty^ 
The  external  structure  of  rocks  en  masse^  or  considered  as 

mountain  masses,  is  as  distinct  fi'om  their  internal  mineral  stroo* 

ture  as  the  shape  of  a  building  from  that  of  the  bricks  or  stones 

of  which.it  is  composed,  though  this  distinction  haabeen  gencir 

ally  overlooked.    The  external  structure  of  rocks,  as  forming 

mountain  masses  may  be 
jSlrnift/ied,  or  stratiform. 
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Tabular^  or  in  large  plates. 

Columnar, 

Globular^  or  in  spherical  masses. 

Massice  or  Indeterminate^  which  includes  all  unstratified  rocks 
that  have  no  determinate  shape. 

Stratified  moontains  or  rocks  are  those  which  are  composed 
of  layers  of  stone^  laid  over  each  other,  and  divided  by  parallel 
seams  like  the  leaves  of  a  closed  book.  In  these  seams  or  par* 
tings,  which  divide  the  strata,  there  are  frequently  thin  laminae  of 
soft  earthy  matter;  but  sometimes  the  surfaces  of  the  uj^r  and 
lower  stratum  are  so  closely  joined,  that  it  requires  a  considerable 
force  to  separate  them.  These  layers  are  denominated  strata; 
they  extend  through  the  whole  mountain  or  mass,  their  length 
and  breadth  being  much  greater  than  their  thickness.  If  the 
thickness  of  any  stratum  exceed  two  or  three  yards,  it  is  more 
usually^  denominated  a  bed ;  and  if  it  lie  between  beds  of  stone 
of  a  different  kind,  it  is  said  to  be  imbedded.  Strata  always  de* 
cline  or  dip  down  to  some  point  of  the  horizon,  and  of  •course 
rise  towards  the  opposite  point.  A  line  drawn  through  these 
points  is  called  the  line  of  their  dip ;  another  line  drawn  at  right 
angles  to  this,  marks  the  course  along  which  the  strata  stretch 
out  to  the  greatest  extent  ;-^it  is  called  the  line  of  bearing.  If 
a  book  be  raised  in  an  inclined  position,  mth  the  back  resting 
lengthways  upon  the  table,  the  leaves  may  be  supposed  to  repre^ 
«ent  different  strata ;  then  the  direction  of  the  leaves  from  the 
upper  edges  to  the  table  will  be  the  line  of  dip,  and  their  direc- 
tion lengthways  the  hne  of  bearing ;  and  the  angle  they  make 
with  the  table  will  be  the  angle  of  inclination.  Strata  are,  how- 
ever, sometimes  waved  or  bent  in  both  directions,  and  are  fre- 
quently broken ;  which  makei  it  difficult  to  ascertain  their  true 
position. 

It  is  generally  supposed  that  stratified  rocks  were  formed  by 
the  motion  of  water,  wluch  arranged  them  in  succession  over 
each  other  in  the  same  manner  as  the  muddy  waves  of  the  ocean 
deposit  their  contents  in  regular  layers  upon  the  shore.  This 
mode  of  formation  is  caUed  mechanical  deposition.    It  has  also 
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been  erroneously  though  generally  believed,  that  all  rocks  divided 
by  parallel  seams  into  separate  layers,  are  stratified  in  the  direc- 
tion of  the  seams  or  partings,  and  this  error  has  led  to  much  con- 
fusion in  describing  rocks ;  this  will  be  more  fully  explained  in 
the  following  chapter. 

The  tabular  structure  consists  of  parallel  plates  of  rock,  sepa- 
rated by  regular  seams.  This  structure  has  often  been  confound- 
ed  with  stratification :  it  appears  to  be  the  result  of  crystallisa- 
tion, and  is  closely  allied  to  the  columnar  structure. 
'  The  Columnar  or  Prismatic  structure  is  peculiar  to  certain 
tocks,  but  occurs  chiefly  in  the  basaltic  and  volcanic  class.  Thick 
beds  are  divided  into  columns  or  prisms,  which  are  most  gene- 
raHy  pentagonal.  They  sometimes  form  vast  ranges  of  natural 
coliimns ;  as  at  Stafia,  the  Giants^  Causeway  in  Ireland^  and  in 
many  volcanic  countries.  Sometimes  the  prismatic  structure 
may  be  observed  forming  detached  groups  of  columns  and  prisms, 
as  represented  in  the  group  of  columns  on  Cader  Idris,  Plate  6. 
A  group  of  basaltic  columns  of  similar  form,  and  equally  perfect, 
was  observed  by  the  author  on  the  side  of  the  volcanic  mountain 
called  Gravenaire,  m  Auvergne,  at  a  small  distance  from  the 
crater. 

The  Globular  structure  consists  of  globular  masses  either  de- 
tached or  imbedded  in  rocks  of  the  same  kind ;  they  are  fre- 
quently composed  of  concentric  layers. 

The  terms  Massive  or  Indeterminate^  may  be  applied  to  all 
unstratified  rocks  that  have  no  regular  divisions.  Many  of  tt^ 
primary  rocks,  such  as  granite,  porphyry,  and  serpentine,  occur 
in  masses  of  enormous  thickness,  which  are  broken  by  irregular 
fissures  m  every  direction.  Thick  currents  of  lava,  which  have 
filled  up  holl6w8  or  vaUeys,  are  also  indeterminate,  as  might  be 
expected  from  their  mode  of  formation.  Sometimes  rocks  of 
granite  and  porphyry,  and  also  of  compact  lava,  present  either  a 
tabular  or  columnar  structure ;  but  the  structure  is  seldom  so 
regular  as  in  basaltic  rocks. 


CHAPTER  IV. 

ON  STRATIFICATION,  AND  THE  BELATTVE  POSITION  OP  ROCKS. 

The  Principles  of  SCntifiaUioii  explained. — ^Twioiu  Appearances  presented  by  plain 
Strata. — Appearances  presented  by  cnrved  Strata,  and  Errors  respecting  them. — 
Distinction  between  Strata. — Seams  and  Natural  Fissures  or  Cleavages. — On  the 
conformable  and  unconformable  Positions  of  stratified  and  unstratified  Rocks. — 
The  Intersectkm  of  stratified  Rocks  by  Valleys  explained^-^Longitudinal  Valleys. 
—Transverse  Valleys.— Lateral  Vallesfs.— On  the  Elevatioa  of  Mountains  and 
Mountain  Chains^ — On  the  Direction  of  Mountain  Chains  in  the  new  and  old  Con- 
tinents.— On  vertical  Beds  in  Mountains. — On  the  apparent  Devastation  in  Alpine 
Districts. — On  the  Passages  in  the  Alps  called  Cols;  and  Observations  respecting 
their  Formation. 

When  we  have  ascertained  what  are  the  moit  common  or  pre- 
vailing rocks  in  a  part  of  any  country,  and  observed  that  any  one 
stratum  or  rock  which  attracts  our  attention  is  in  that  part  of  the 
country  .inTariably  covered  by  a  peculiar  rock  or  stratum  of  a 
different  kind,  or  invariably  covers  any  particular  stratum ;  we 
hence  learn  that  there  is  a  certain  order  of  superposition,  and  we 
naturally  feel  desirous  to  know  whether  the  same  order  is  observ- 
able in  every  country  where  similar  rocks  occur.  Thus  in  the 
vale  of  Thames  round  London,  there  is  at  the  depth  of  a  few  feet 
under  the  surfisice,  a  dark^solored  clay  called  London  Clay ;  and 
if  wc  bore  through  this  clay,  we  shall  find  its  average  thickness  to 
be  nearly  300  feet ;  but  when  we  have  pierced  through  this  clay, 
we  invariably  come  to  chalk ;  and  were  we  to  continue  to  bore 
in  the  chalk,  after  piercing  through  many  hundred  feet  of  that 
rock,  we  should  come  to  a  stratum  of  sand  or  sandstone  filled 
with  green  particles,  and  hence  called  Green  Sand. 

The  observer  who  had  confined  hb  researches  to  this  part  of 
the  country  only,  would  form  a  very  erroneous  conclusion  were 
be  to  infer,  that  the  outer  crust  of  the  globe  was  invariably  com- 
posed of  London  Clay,  Chalk,  and  Green  Sand.  But  wherever 
similar  beds  occur  together,  they  He  in  the  same  order  of  super- 
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position  over  each  other.     Thus  the  London  Clay  is  never  found 
under  the  Chalk,  or  the  Green  Sand. 

But  it  is  not  always  necessary  to  bore  through  the  upper  beds 
to  ascertain  this  order :  for  the  different  strata  scarcely  ever  oc- 
cur in  a  flat  or  horizontal  position ;  they  generally  rise  in  a  cer- 
tain direction,  and  come  to  the  surface,  as  represented  in  Plate 
1,  iSg.  1.  Now  by  travelling  in  the  direction  of  the  strata  from 
A  to  B,  we  come  upon  the  outer  edges  12  3,  and  may  trace  their 
order  of  succession  as  they  rbe  from  under  each  other.  In  ra- 
vines and  the  escarpments  of  mountains,  and  in  the  cUfli  on  the 
sea  coast,  we  are  also  enabled  to  trace  the  order  of  position  and 
succession  of  rocks.  But  to  do  this  with  tolerable  correctness, 
we  must  have  an  accurate  knowledge  of  stratification  in  all  its 
various  possible  forms.  However  simple  the  principles  of  strati- 
fication may  at  first  appear,  this  knowledge  when  applied  to 
practioe  is  not  of  snch  easy  attainment  as  some  may  imagine, 
and  for  want  of  it.  Geologists  of  considerable  eminence  have  fall- 
en into  the  most  egregious  errors.  A  knowledge  of  Stratification 
is  indeed  of  far  greater  importance  to  the  practical  geologic, 
than  an  acquaintance  with  the  minutiae  of  Mineralogy  or  Ccmck^ 
ology. 

Though  the  word  Stratum  in  its  original  language  and  by  gen- 
eral acceptation,  in  speaking  of  rocks,  denotes  a  bed,  itis  coo-^ 
venient  to  restrict  the  term  bed  to  strata  of  considerable  ihkk^ 
ness ;  for  such  beds  are  often  subdivided  into  several  disiinct'  mi- 
nor strata,  and  we  cannot  well  describe  a  stratified  stratum. 

When  a  series  of  strata  of  a  similar  rock  are  arranged  with 
occasional  strata  intervening  of  rocks  of  another  kind,  which  re- 
cur in  different  parts  of  the  series,  they  are  regarded  as  having 
been  formed  nearly  at  the  same  epoch,  and  under  similar  cir- 
cumstances ;  and  such  series  are  called  by  geologists  JPormofiont. 
Thus  the  strata  of  marie  accompanying  chalk,  with  the  strata 
containing  nodules  or  layers  of  flint,  are,  together  with  the  whcde 
series  of  chalk  strata,  denominated  the  chalk  formation.  In  or- 
der to  obtain  a  distinct  idea  of  stratification  in  its  simplest  form, 
let  the  yonng  geologist  take  a  piece  of  pasteboard  or  thin  wood/— 
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say  twelve  inches  square :  let  him  divide  it  in  the  middle  into  two 
equal  planes,  each  twelve  inches  in  length  and  six  in  breadth. 
Place  one  of  these  planes  flat  on  a  table  with  the  ends  facing  the 
north  and  south ;  the  sides  will  of  course  be  at  right  angles,  and 
face  the  east  and  west  Now  if  one  of  the  sides  be  tilted, — say 
the  western  side, — we  may  suppose  the  pasteboard  plane  to  rep- 
resent a  stratum  rising  to  the  west  and  dipping  eastward.  The 
lengthways  direction  of  the  plane  is  called  the  line  of  bearing  ; 
and  the  declining  direction  is  called  the  line  of  dip^  which  is  at 
right  angles  to  the  line  of  bearing.  The  angle  at  which  the  stra- 
tum rises  above  the  horizontal  line  or  level  is  called  the  Inclina* 
tion.  Suppose  the  western  edge  of  the  pasteboard  plane  is  raised 
above  the  table,  forming  with  it  an  angle  of  thirty  degrees ;  then 
we  say  the  direction  of  the  stratum  is  north  and  south,  its  dip 
east,  its  rise  of  course  west,  and  its  angle  of  inclination  thirty 
degrees.  Simple  as  this  appears,  geologists  of  considerable  em- 
inence have  made  the  most  palpable  mistakes  in  defining  stratifi- 
cation. It  has  been  said  correctly,  that  the  hne  of  dip  being  al- 
ways at  right  angles  to  the  direction  or  line  of  bearing,  when 
the  dip  is  given,  the  direction  is  known:  but  when  it  is* further 
said,  that  if  the  direction  is  given,  the  line  of  dip  is  given  alsOi 
the  assertion  is  erroneous ;  for  let  the  above  plane  of  pasteboard 
be  again  laid  flat  upon  the  table  in  the  same  direction,  due  north 
and  south ;  but  instead  of  tilting  up  the  western  edge,  if  we  tilt 
up  the  eastern,  we  shall  then  have  the  same  tine  of  bearing  as  in 
the  first  instance,  but  the  dip  will  be  west  instead  of  east. 

It  sometimes  happens  that  a  stratum  without  varying  its  direc- 
tion may  dip  two  ways  in  the  same  mountain,  like  the  sloping 
sides  of  the  roof  of  a  church,  or  the  letter  \  reversed.  Place 
the  two  planes  of  pasteboard  in  a  north  and  south  direction,  and 
raise  them  so  as  to  make  the  upper  edges  meet ;  we  shall  then 
have  the  line  of  bearing  north  and  south  as  before,  and  the  dip 
east  on  one.  side  and  west  on  the  other.  The  limestone  strata  at 
Dudley  Castle  Hill  dip  on  each  side  of  the  hill  as  above  described. 
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Whatever  may  be  the  inclination  of  a  stratam,  its  true  tUeb- 
oess  18  measured  by  a  line  perpendicular  to  the  upper  and  under 
Mirface. 

If  we  take  a  number  of  similar  planes  of  pasteboard  of  dtfRw* 
ent  colours,  and  lay  the  undermost  a  little  incKned,  and  pkiee 
aAotber  plane  upon  it,  with  the  upper  edge  about  an  ineh  or 
more  distant  from  that  of  the  under  stratum,  and  again  laj  Ikft 
ethers  in  succession  in  the  same  manner ;  the  uncoTcred  eiida  of 
the  planes  will  rise  from  under  each  other  like  a  number  of  riicea 
of  tH'ead  aad  butter  laid  on  a  plate.  These  uncovered  edgea 
wiU  represent  the  outcrop  or  crop  of  the  strata ;  and  it  will  \m 
peireetved  how  we  may  obtab  a  knowledge  of  an  under  stratnn, 
without  sinking  or  boring,  merely  by  crossing  a  country  ia  ik» 
Ubb  of  the  rise  or  dip  of  the  strata.  When  strata  are  wraaged 
m  tim  manner,  they  are  said  to  be  in  a  conformable  positBOO. 
(Plate  1.  fig.  1.)  It  will  naturally  be  inquired,  whether  the  strala 
absolutely  terminate  where  we  find  their  outcr<^  ?  In  aeme  iBh 
stances  this  is  the  case ;  but  frequently  the  strata  are  bent  or  bro- 
ken in  the  Une  of  their  rise,  and  the  same  stratum  may  crop  out 
in  one  ptace  and  appear  again  further  on  in  the  line  q£  its  ria^, 
ae  represented  Plate  1.  fig.  2.  We  must  be  particulady  atliai»-^ 
tive  to  this  circumstance,  otherwise  we  may  mistake  the  tirue  po- 
sition of  a  stratum,  and  describe  it  as  one  much  bwer  ift  the  so*> 
vies  we  are  examining.  In  some  instances  we  eome  suddeady  to* 
the  terminatba  of  a  whole  series  of  strata^  as  in  deacendii^  tiaa 
Cotswold  Hills  into  the  Vale  of  Severn ;  the  limestone  callai 
Eoeneitone,  of  which  they  are  principally  composed^,  is  not  fiMod 
on  the  other  side  of  the  valley,  nor  in  any  part  of  England  to 
the  northHvest  of  it.  Has  this  hmestone  ever  extended  fovthavf 
and  if  it  have  exfeended  fiurther,  by  what  cause  has  it  been  remapp- 
ed 7  These  incpiiffies  will  be  adverted  to  in  a  fi>llowing  chaplm.. 

To  vetum  to  our  pasteboard  planes,  arranged  as  before  deam- 
bed',  with  the  edges  vising  fi^m  under  each  other  in  the  conforoBr 
able  position.  If  we  take  another  series  of  planes,  and  lay  thanai 
flat  over  the  outcropping  edges  of  the  conformable  series,  we 
shall  then  have  the  unconformable  position  represented,  Plate  1 . 
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%.  S.  Nov  the  Strata  tktt  cover  the  lower  stivyfiid  daai  in 
Englaad  oocor  m  dik  pontion ;  and  the  foHowing  importuit  m- 
ference  may  be  drawn  Crom  it,  namdjr,  that  the  under  sliatifittd 
rocfcs  had  been  fcrmed,  and  their  strata  broken  and  railed  ap, 
at  a  period  which  mist  hare  preceded  the  formation  of  ike  «p- 
per  senef  by  a  considerable  intenral.  For  the  lowor  series  were 
evident^  solidified,  and  afterwairb  in  many  mstances  broken  ; 
and  the  fi'actHred  edges  of  the  strata  levelled,  before  the  moon- 
fennable  strata  were  deposited  upon  thenu 

The  most  common  enror  which  persons  coanoMbcing  the  study 
of  goobgy  are  liable  to  make,  is  in  mistaking  the  apparent  for 
the  real  iadinatioa  of  the  strata.  Plate  K  fig.  4.  wiH  fender  this 
more  inleBigible  than  any  description,  it  represeafts  a  portion  of 
a  stratified  moantein,  of  which  the  strata  have  a  consideraUe  dip 
to  the  east  If  the  escarpment  or  section  be  made  in  the  line  of 
beaimg,  the  strata  will  appear  to  range  from  Jiorth  to  soath, 
withoat  any  rise  or  d^,  and  would  be  described  by  a  young  ob- 
server as  being  horizontaL  But  if  an  opening  or  section  be 
made  on  the  side  parallel  to  the  line  of  dip,  as  at  c,  c,  the  true 
inclination  will  be  seen.  Any  section  made  in  an  obhque  direc- 
tion to  the  fine  of  dip  will  cause  the  inclination  to  $fpeai  less 
than  the  true  one,  and  the  line  of  dip  will  appear  to  vary  from 
the  true  one.  The  chances  therefore  are  very  great  against  the 
natural  section  made  in  a  mountain  presenting  the  true  dip  and 
inclination  of  the  strata.  Another  error  which  a  person  who 
does  not  attend  to  the  dip  and  direction  of  the  strata  may  fall 
into  is,  mistaking  an  under  for  an  upper  stratum.  Suppose  a 
hill  to  be  covered  with  vegetable  soil,  and  a  quarry  or  pit  was 
made  in  it  near  the  bottom,  as  at  a,  Plate  1.  fig.  1 .  and  the  stone 
was  discovered  to  be  sandstone :  suppose  another  pit  was  sunk 
near  the  summit  at  6,  which  cut  into  limestone;  it  might  be  sup- 
posed that  the  bmestone  lay  over  the  sandstone  stratum,  when  it 
is  in  reality  below  it  The  young  observer,  who  has  not  a  clear 
notion  of  this,  may  be  said  not  yet  to  have  passed  the  pons  asmih 
rum  of  the  geologist 


53  PRINCIPLES  OF  STRATIFICATION. 

In  calcareous  mountains  of  vast  magnitude,  as  those  in  the 
Swiss  and  Savoy  Alps,  the  enormous  beds  of  limestone  are  often 
intersected  by  regular  seams,  which  cut  through  the  whole  bed 
in  a  direction  nearly  perpendicular  to  that  of  the  true  strata  seams, 
or  make  very  obUque  angles  with  them.  These  partings  or  seams 
are  sometimes  nearly  vertical,  when  the  strata  are  almost  hori- 
zontal. The  clilSs  and  escarpments  of  these  mountains  being 
lofty  and  much  exposed  to  the  action  of  the  atmosphere,  the 
vertical  seams  enlarge,  and  are  often  more  conspicuous  than  the 
strata  seams ;  hence  without  great  attention,  the  observer  may 
describe  the  strata  of  a  mountain  as  being  perpendicular  when 
in  reaUty  they  are  nearly  horizontal.  To  add  to  the  difficolty, 
it  very  frequently  happens  that  a  calcareous  deposition  like  a 
coat  of  plaster  covers  the  face  of  a  rock :  this  has  been  formed 
by  moisture  running  over  the  surface,  and  depositing  calcareous 
particles  upon  it.  This  deposition  sometimes  conceals  the  strai* 
ification  seams  as  completely  as  a  coat  of  plaster  covers  the  rows 
of  brick  in  a  building.  The  vertical  seams  or  partings  are  also 
sometimes  open,  and  sometimes  have  formed  parallel  ridges, 
which  efface  the  appearance  of  the  strata  seams  in  one  part  of 
a  rock,  but  not  in  the  other ;  and  in  such  instances  we  have  ap- 
parently a  mountain  mass  in  which  the  strata  are  partly  horizon- 
tal and  partly  vertical  See  Plate  1.  fig.  5.  Inattention  to  this 
circumstance  I  am  convinced  has  sometimes  deceived  the  eye  of 
M.  Saussure,  one  of  the  most  diligent  and  accurate  of  observers. 

The  modes  of  stratification  we  have  been  considering  are 
those  of  plane  strata ;  but  in  many  situations,  particularly  in  the 
Alps  and  the  Jura  chain,  the  strata  are  curved  and  bent  round 
the  mountains,  encircling  them  like  a  mantle.  The  ravines  and 
escarpments  according  to  the  position  in  which  the  sections  have 
been  made,  present  the  most  varied  forms  of  stratification  in  the 
same  mountain.  In  one  part,  the  strata  will  seem  to  rise  almost 
vertically ;  in  another,  to  be  nearly  horizontal ;  and  in  a  third,  to 
be  deeply  curved ;  and  this  will  depend  much  on  the  relative  jpo- 
flition  of  the  observer,  whether  he  be  placed  on  one  side  or  in 
figure  of  the  escarpment    Suppose  a  transverse  section  be  made 
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through  a  mountain  in  the  direction  a,  6,  (Plate  1.  fig.  6.)  it  would 
show  the  true  position  of  the  arched  strata:  but  if  we  suppose 
the  side  of  the  mountain  c,  d^  to  be  removed,  an  observer  placed 
at  E  would  see  the  face  or  escarpment  on  that  side,  with  the  edges 
of  the  strata  lying  horizontally,  and  might  describe'  them  as  hor- 
izontally stratified,  were  he  to  view  no  other  part  of  the  moun* 
tain.    In  some  situations  the  fracture  made  in  the  arched  strati- 
fication is  much  broken ;  and  we  have  on  the  side  of  the  same 
mountain  the  appearance  both  of  horizontal  and  greatly  inclined 
stratification.    An  instance  of  this  occurs  near  the  Lake  of  Bour- 
get  in  Savoy.     Plate  2.  fig.  1.  represents  the  appearance  of  stra- 
ta on  the  side  of  a  mountain,  which  has  the  arched  stratification 
before  described;  but  the  outermost  strata,  instead  of  enfolding 
the  whole  mountain,  only  cover  the  southern  side,  and  are  broken 
ofi*  at  the  summit  in  a  line  nearly  parallel  with  it;  and  their  edges 
present  the  appearance  of  horizontal  strata,  a,  a.    Lower  down 
the  mountain,  part  of  the  under  strata  have  fallen  ofi*  in  a  slo- 
ping direction,  and  their  projecting  edges  present  at  a  distance 
the  appearance  of  highly  inclined  strata.    This  may  be  fiirther 
iHustrated  by  taking  a  half  cylinder,  or,  for  want  of  that,  a  thick 
book ;  and  opening  it  a  little,  place  it  with  the  edges  upon  the 
table,  and  the  back  uppermost ;  cover  the  book  or  half  cylinder 
with  a  number  of  folds  of  paper  of  different  colours^ — these  will 
represent  arched  strata.    Cut  away  the  outermost  folds  along  the 
back,  and  take  away  the  other  half;  the  edges  of  the  paper  will 
represent  those  of  the  upper  strata,  and  their  position  will  appear 
to  be  horizontal.    Cut  away  the  comers  of  the  under  sheets  a 
little  behind  each  other,  so  that  the  edges  of  each  coloured  sheet 
may  be  visible ;  and  these  will  represent  the  appearance  of  highly 
inclined  strata,  and  have  frequently  been  mistaken  for  such.    The 
young  geologist  may  greatly  facilitate  the  study  of  stratification, 
by  laying  cc^ured  planes  of  any  soft  and  yielding  substance 
over  each  other,  and  inclining  them  in  various  positions ;  then  let 
him  make  sections  in  difierent  directions  with  a  knife,  and  also 
carve  out  hollows  representing  valleys,  cutting  through  inclined 
strata  at  various  angles  with  the  line  of  dip  and  line  of  bearing ; 
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by  this  means  he  may  gain  a  more  correct  idea  of  the  varied 
phoBOomena  of  stratHkuitioo,  both  in  mountains  and  valleys,  than 
the  most  elaborate  descriptions  can  convey. 

The  appearance  of  vertical  and  horizontal  strata  in  the  same 
rock  (as  represented  Plate  1.  fig.  5.)  is  of  very  rare  occurrenoe 
in  this  country ;  such  a  position  can  be  effected  only  by  a  firalt, 
which  had  thrown  the  stnUa  on  one  side  into  a  vertical  positioB. 
The  appearance  represented  in  the  above  figure,  is  however,  firfr 
quently  to  be  observed  in  the  calcareous  strata  adjoining  the 
Alps,  where  the  vertical  divisions  are  not  true  strata,  but  seams 
or  partings,  which  sometimes  are  so  considerable,  as  to  effiioe. 
the  true  strata  seams ;  this  has  hitherto  been  little  undentood^ 
and  has  been  the  source  of  much  error  m  geological  descriptkNii. 
The  reader  must  suppose  the  horizontal  lines  to  be  contimiod 
through  the  vertical  seams. 

The  appearance  of  contorted  stratification  (Plate  3.  fig.  $J) 
is  an  optical  illusion.  The  strata  originally  infolded  tin  moun* 
tain  like  the  coats  of  an  onion,  but  have  partly  fallen  o8^  one 
behind  the  other,  leaving  waving  edges,  (Kke  the  letter  S,)  over^ 
lapping  each  other.  Original  inequalities  in  the  general  curva- 
ture of  the  beds,  may  have  occasioned  the  strata  to  break  off  io 
this  manner.  The  Montagne  de  Tuille  near  Montmeliao,  (whidi 
is  drawn  in  the  third  volume  of  Saussure^s  Voyages  dams  let 
Alpes^)  offers,  I  conceive,  an  instance  of  this  apparent  contortion^ 
which  Saussure  ccHuidered  as  almost  inexplicable.  I  examined 
the  mountain  fi'om  various  stations,  and  am  persuaded,  that  the 
contortions  are  only  apparent,  and  are  not  like  the  real  contor* 
tions,  which  the  lower  beds  of  transition  limestone  in  this  coun* 
try  so  frequently  present 

The  strata  of  seccmdary  rocks  belonging  to  the  same  fonMh 
tion  generally  preserve  the  same  thickness  for  a  considerable  ez<< 
tent,  and  are  arranged  conformably  over  each  other,  except  in 
situations  where  the  regularity  of  the  strata  has  been  disturbed 
by  rents  or  fractures.  In  these  secondary  conformable  strata, 
the  order  in  which  they  succeed  each  other  indicates  their  rela* 
tive  ages;  but  this  rule  cannot  be  extended  to  all  classes  of  rodur. 
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No  iniinrence  can  at  fint  appear  more  kgitimale  than  this; 
*^  The  f  oek  which  supporiM  another  must  be  older  than  that  which 
rests  ^pon  it,  if  their  original  position  has  not  been  changed/^ 
But  this  conclusion,  when  examined  with  attention,  will  fairly 
admit  of  doubt  with  cespect  to  those  rocks  which  are  crystalline 
like  the  {Hrimarjr.  These  were  fMrmed  by  chemical  aifEnity  from 
a  slate  of  solution,  or  by  crystalUzatioi  from  a  stale  of  fiision : — 
if  by  the  latter  mode^  all  the  different  beds  may  have  been  ar- 
ranged at  the  same  time,  and  the  upper  and  lower  rocks  may 
have  a  cotemporaneous  origin.  If  a  mass  of  melted  matter  from 
a  fiimace  cool  slowly,  the  internal  and  external  parts  wiU  Tary 
both  in  their  physical  and  chemical  properties ;  but  it  cannot,  on 
duB  account,  be  said  that  the  fewer  part  is  older  than  the  upper. 
In  those  rocks  which  have  been  subjected  to  external  agency,  as 
in  sand  rocks  which  contain  fragments  that  hare  been  rounded 
by  water,  their  situation  evidently  proves  that  they  were  formed 
adier  the  reeks  on  which  they  rest. 

It  has  been  before  observed,  that  those  rocks  which  contain 
different  species  of  organic  remains,  separated  by  beds  or  strata 
in  which  no  such  remains  occur,  must  have  been  formed  in  snc- 
eession  over  each  other,  and  probably  at  very  distant  intervab  of 
time.  This  inference  appears  to  me  conclusive,  nor  can  it  be  in- 
validated by  the  crystalline  arrangement  and  cleavage  of  some 
of  those  rocks. 

Rocks  of  the  primary  class  frequently  cover  each  other  in  an 
order  which,  viewed  on  a  grand  scale,  mny  be  said  to  be  confor- 
mable ;  but  the  different  rocks  in  each  class  are  generally  of  such 
vast  and  irregular  thickness,  that  their  order  of  succession  is  of- 
ten not  easy  to  trace :  beside,  some  of  these  rocks  pass  by  a 
change  of  structure  into  each  other,  and  their  line  of  junction 
or  separation  can  seldom  be  observed.  Viewed,  however,  as 
composing  mountain  chains,  the  more  general  arrangement  is 
repvesented,  Plate  3.  fig.  1.  on  which  granite  or  the  foundation 
rock  is  marked  a,  gneiss  6,  mica  slate  c,  common  slate  tf,  the 
taaaaitkin  series  e,  6,  and  the  lower  secondary  f,  f.  or,  x,  rep* 
resents  the  position  of  a  bed  of  limestone  or  any  other  rock  in  a 
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mountain  of  slate ;  in  this  position  it  is  said  to  be  imbedded  ;  md 
if  a  number  of  these  beds  occur,  they  are  said  to  be  subordinate* 

The  uncomformable  position  of  unstratified  rocks  is  represen- 
ted, Plate  3.  fig.  2.  where  d  is  a  mass  of  columnar  basalt,  and  c 
a  mass  of  porphyry  resting  upon  the  rocks  1,  2,  3,  without  any 
conformity  to  the  shape  of  the  lower  beds.  Whatever  theory 
we  adopt  respecting  the  formation  of  rocks,  we  must  admit  thai 
the  superincumbent  rocks  in  this  situation  are  of  more  recent  ori- 
gin  than  those  which  they  cover ;  the  lower  must  have  been  hard 
and  unyielding,  when  the  upper  were  thrown  upon  them.  If  a 
thick  stream  of  lava,  as  fi^equently  happens,  were  to  flow  over  m 
range  of  conformable  rocks,  filling  up  the  cavities  and  inequaln 
ties  of  the  surface, — when  it  became  hard  by  cooling,  it  would 
form  a  bed  of  superincumbent  uncomformable  rock.  Such  in- 
stances are  common  in  volcanic  countries.  Very  extensive  ran* 
ges  of  rocks  and  mountains  occur  in  this  position  in  various  part» 
of  the  world,  not  only  covering  the  primary,  but  the  secondary 
rocks.  These  will  hereafter  be  described,  under  the  name  of 
porphyry^  sieoite,  and  basalt.  They  frequently  assume  the  co- 
lumnar structure,  and  sometimes  form  vast  ranges  of  natural  pil- 
lars ;  as  at  Staffa  one  of  the  Hebrides,  on  the  north  coast  of  Ire- 
land, in  Iceland,  Sicily,  and  many  volcanic  countries. 

Having  described  the  position  of  both  stratified  and  unstrati- 
fied unconformable  rocks,  it  may  be  proper  to  state  that  the  lat- 
ter rocks  occur,  covering  both  primary,  transition,  secondary, 
and  tertiary  strata :  many  of  those  which  cover  the  secondary 
and  tertiary,  seem  evidently  to  have  been  the  products  of  subter* 
ranean  fires;  and  even  those  which  cover  the  primary  and  tranai* 
tion  rocks,  bear  a  close  afliinity  to  volcanic  rocks.  If  we  admit 
that  our  loftiest  ranges  of  mountains  were  elevated  by  the  ex- 
pansive force  of  central  fires,  this  power  acting  upon  an  exten- 
sive portion  of  the  globe,  might  be  ages  in  upheaving  the  incum- 
bent surface,  which  would  continue  to  rise  until  vast  fissures  were 
made,  through  which  the  subterranean  melted  matter  would  be 
thrown  over  the  mountains  and  plains  then  existing,  and  form 
the  superincumbent  rocks  of  basalt,  porphyry,  and  sienite,  that 
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seem  to  be  so  nearly  allied  to  volcanic  prodacts.  WhSe  one 
part  of  the  surface  was  risings  another  part  Would  sink,  and  form 
a  new  bed  into  which  the  Waters  of  the  ocean  in^ould  gradually 
retire. 

According  to  Humboldt,  the  extraordiny  eruptions  by  which 
new  islaTnfs  hatre  been  formed  since  the  period  of  authentic  his- 
tory, have  b6eh  preceded  by  a  i^weHing  of  the  softened  crust  of 
the  globe.  At  Kamemi,  the  new  island  made  its  appearance 
above  the  sea  twenty-six  days  before  the  stinoke  was  visible;. 
^  Every  thing  indicates  that  the  physical  changes  of  which  tradP^"^ 
tiori  has  preserved  the  remembrance,  exhibit  but  a  feeble  image 
of  those  gigantic  catastrophes  which  have  given  mountains  their 
present  form,  changed  the  position  of  the  rocky  strata,  and  bmMf 
sea-shells  on  the  summit  of  the  higher  alps.  It  was  undoubtedljr 
in  those  remote  times  which  preceded  the  existence  of  the  human 
race,  that  the  raised  crust  of  the  globe  produced  those  domes  of 
trappean  porphyry,  those  hills  of  isolated  basalt  in  vast  elevated 
plains,  those  solid  nuclei  covered  with  the  modern  lavas  of  the 
the  Peak  of  TenerifFe,  of  Etna,  and  Cotopaxi."    Humboldt. 

To  these  great  catastrophes,  and  the  mighty  force  of  vast  in- 
undations which  have  swept  over  our  present  continents,  must 
we  ascribe  the  inequalities  of  the  earth ^s  surface,  the  elevation 
of  mountains,  the  excavation  of  valleys,  which  have  broken  the 
continuity  of  strata,  and  removed  the  broken  parts  into  distant 
countries. — It  is  not  my  intention  in  the  present  chapter  to  en- 
ter on  the  subject  of  the  formation  of  valleys ;  it  will  be  reserved 
for  a  subsequent  part  of  the  volume ;  but  it  may  be  useful  to 
state  to  the  geological  student,  that  all  stratified  mountains  are 
only  parts  of  extended  strata,  with  which  they  were  once  united. 

This  will  be  more  distinctly  understood  by  consulting  Plate  4. 
fig.  I.  which  is  intended  to  represent  the  general  rise  of  the  strata 
from  Sheffield  in  Yorkshire  to  Castleton  in  Derbyshire,  intersec- 
ted by  the  valley  through  which  the  river  Derwent  flows. 

The  town  of  Sheffield,  fig.  1 .  is  built  over  coal  strata,  which 
rise  towards  the  west,  and  disappear  in  that  direction  about  five 
miles  from  Sheffield  (2.)    Here  the  under  rock  makes  its  appear- 
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ance  (3,)  which  is  a  bed  of  coarse  gritstone,  more  than  one  haa- 
dred  and  twenty  yards  in  thickness,  forming  the  summits  of  iD 
the  mountains  as  you  advance  to  the  vale  of  Derwent  (4.)  The 
grit-rock  rests  upon  a  thicker  bed,  of  a  different  kind,  composed 
of  slaty  sandstone,  represented  (5.)  On  the  western  side  of  the 
valley,  this  rock  exists  only  as  a  cap  or  covering  on  Whin-Hill,  a 
lofty  mountain,  marked  (6.)  Two  miles  further  west  the  grit- 
rock  disappears,  and  the  slaty  sandstone  which  is  the  base  of 
Whin-Hill  forms  the  summit  of  the  celebrated  Mam  Tor,  or  the 
the  shivering  mountain.  The  mountain  limestone  (7)  here  makes 
its  appearance  as  the  base  of  Mam  Tor,  and  further  west  the 
same  limestone  forms  entire  mountains.  The  difference  obeenr- 
able  in  the  rocks  east  and  west  of  the  Derwent  is  owing  to  the 
general  rise  of  the  strata  in  the  latter  direction. 

It  is  here  obvious  that  Whin-Hill,  though  it  appears  an  isolated 
mountain,  is  only  a  portion  of  the  thick  beds  of  gritstone,  and 
slaty  sandstone,  which  form  the  hills  on  the  other  side  of  the 
valley. 

When  valleys  take  the  same  direction  as  that  of  a  range  of 
mountains,  they  are  called  longitudinal  valleys  ;  when  they  cot 
through  a  range  of  mountains,  they  are  called  transversal  nol- 
leys  y  in  the  latter  case,  the  strata  on  each  side  are  most  gener- 
ally prolongations  of  the  same  beds. 

The  small  valleys  which  open  into  a  larger  valley  nearly  at 
right  angles  to  it  are  called  lateral  valleys.  In  some  rare  instan- 
ces, a  valley  is  formed  by  the  bending  of  the  strata,  which  make 
a  trough  as  represented  Plate  1.  fig.  2. 

Mountains,  except  those  formed  by  volcanos,  are  seldom  iso- 
lated masses  rising  from  a  plain,  but  they  form  groups,  or  are 
ranged  together  in  a  certain  direction,  and  compose  long  and 
lofty  ridges,  denominated  mountain  chains.  Lower  ranges  of 
mountains,  running  in  the  same  direction  as  the  principal  range, 
and  separated  by  valleys  of  greater  or  less  width,  may  be  obse^* 
ed  accompanying  almost  all  very  lofty  mountain  chains.  ,  This 
fact  appears  to  indicate  the  operation  of  a  powerful  elevating 
force,  acting  in  one  direction  along  a  certain  line,  and  decreasing 
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m  intensity  as  the  distance  from  each  side  of  this  line  increases : 
but  this  action  does  not  appear  to  extend  with  equal  force  on 
both  sides  of  the  line ;  for  the  smaUer  chains  parallel  to  the  great 
chain  are  seldom  so  numerous  on  one  side  of  it  as  on  the  other* 
The  principal  mountain  chain,  if  very  large,  has  its  sides  furrow- 
ed by  small  lateral  valleys,  and  has  not  been  unaptly  compared 
to  a  back-bone  or  spine,  with  diverging  ribs. 

Mountain  chains  traverse  continents  and  islands,  and  appear 
to  constitute  the  skeleton  on  which  they  are  formed.  The  shape 
of  many  countries  and  islands  is  evidently  determined  by  the  di- 
rection of  the  grand  mountain  chains  that  run  through  them. 

The  principal  mountains  in  the  old  continents  when  viewed 
on  a  large  scale  may  be  considered  as  forming  a  mountain  chain 
composed  of  numerous  mountain  groups,  and  extending  in  an 
easterly  direction  from  Cape  Finisterre  in  Spain,  to  the  most 
eastern  extremity  of  Asia.  Various  parts  of  this  chain  receive 
different  denominations  in  the  different  countries  through  which 
they  pass.  The  Pyrenees,  the  Alps,  Mount  Taurus,  Mount  Cau- 
casus, the  Altaic  and  the  Himmaleh  mountains,  and  the  Yablon- 
noy  mountains  of  Tartaiy  which  extend  nearly  to  Beerhing's 
Straits,  may  be  regarded  as  forming  together  one  immense  moun- 
tain chain,  and  dividing  the  northern  from  the  southern  dry  land 
both  in  Europe  and  Asia. 

In  North  and  South  America  one  unbroken  chain  of  moun- 
tains runs  in  a  northerly  and  southerly  direction  for  eight  thou- 
sand miles  near  the  western  side  of  that  vast  continent,  and  with 
some  minor  diverging  chains  has  evidently  determined  the  general 
outline  of  both  countries.  A  remarkable  similarity  occurs  in  the 
position  of  the  escarpments  or  steep  sides  of  mountains  in  the 
same  mountain  range.  Various  opinions  have  been  formed  re- 
specting the  law  which  the  position  of  the  escarpments  appears 
to  follow ;  but  I  believe  the  rule  I  submitted  to  the  attention  of 
geologists  in  the  first  edition  of  this  .work  will  be  found  to  ap- 
proximate to  the  truth. 

Mountain  chains  or  ranges  present  the  steepest  declivities  on 
the  sides  nearest  to  the  sea.    This  is  remarkably  the  case  in  the 
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^ong  chain  of  the  Alleghany  mountains  on  the  eastern  side  of 
America^  which  are  steep  towards  the  Atlantic.  On  the  contra* 
ry,  the  Stony-mountains  which  run  near  the  north-west  coast,  and 
the  Andes  near  the  southern  Pacific  ocean,  are  steepest  on  their 
western  side.  In  ranges  of  mountains  that  form  the  boundaries 
of  lakes  o\  of  exten§i\e  vales,  through  wliich  large  rivers  flow,  the 
mountains  nearest  to  the  rivers  have  the  steepest  declivities. 
The  largest  rivers  have  their  origin  from  the  sides  of  mountains 
which  are  most  inclined  to  the  horizon,  and  most  remote  from 
the  sea. 

The  beds  or  strata  of  very  lofty  mountains  are  generally  much 
inclined,  and  are  sometimes  nearly  vertical  Among  these  high- 
ly  inclined  beds,  we  not  unfrequently  observe  beds  of  limestone 
containing  marine  shells,  which  must  have  been  originally  depos- 
ited at  the  bottom  of  the  ocean.  In  some  instances  we  meet 
with  vertical  strata,  containing  rounded  pebbles  and  water-worn 
fragments  of  other  rock^ ;  these  must  also  have  been  originally 
deposited  on  a  surface  nearly  horizontal :  we  are  therefore  cer^ 
tain,  that  the  present  vertical  position  of  these  strata  is  not  their 
original  one;  and  we  hence  also  learn,  that  all  the  strata  asso- 
ciated with  them  in  the  sG^me  mountain,  and  having  the  same  in* 
clination,  were  raised  together.  We  have  further  proof  that  be- 
fore the  epoch  when  this  great  revolution  was  effected,  aU  thes^ 
beds  were  covered  by  the  seas  then  existing,  and  it  was  under 
the  ocean  that  the  change  of  position  topk  place. 

No  person  who  reflects  on  the  appearances  presented  in,  a 
mountamous  district  can  believe  that  the  broken  and  elevated 
beds,  the  peaked  summits,  the  impeijiding  clifls,  and  the  immense 
fragments  of  rocks  scattered  in  the  valleys  and  adjacent  coun- 
tries, were  originally  created  and  placed  as  we  now  observe  theoL 

The  traveller  who  in  crossing  an  extended  desert  should  meet 
with  the  remains  of  some  unknown  teipple,  could  not  for  a  mo- 
ment doubt  that  the  broken  and  prostrate  columns,  the  mutilated^ 
arches,  the  scattered  capitals  and  inscriptions,  had  been  removed 
by  some  devastating  cause  from  their  original  position ;  nor  is 
the  proof  less  certain,  that  the  rocky  pavemeiit  of  our  gl.pl^^  h^ 
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been  broken,  and  its  parts  which  were  once  united,  widely  sep- 
arated from  each  other.  Some  of  the  phcenomena  we  observe 
in  mountains  were  produced  by  the  disturbing,  force  wlucb  first 
elevated  them ;  others  have  been  subsequently  effected  either  by 
vast  inundations,  which  have  swept  over  their  summits  and  torn 
away  considerable  portions  of  the  softer  beds,  or  by  the  more 
gradual  decomposition  and  disintegration  produced  by  atmos- 
pheric influence ;  by  the  latter  cause,  the  lofty  and  exposed  peaks 
and  escarpments  of  rocks  are  slowly  wearing  down. 

During  the  two  summers  I  passed  in  the  Alps,  I  was  much 
struck  with  the  circumstance  that  all  the  great  openings  or  pas- 
sages over  these  mountains,  called  Coh^  were  made  by  excava- 
tions in  beds  of  soft  slate ;  and  the  fagt  I  think  admits  of  an  easy 
explanation,  but  I  do  not  know  that  it  has  been  before  remarked 
by  Geologists. 

If  we  suppose  a  portion  of  the  Alps  to  be  represented,  Plate  2, 
fig.  2.  the  dotted  lines  above  the  preseqt  surface  will  mark  the  sup- 
posed original  prolongation  of  the  different  beds  at  the  period  when 
they  were  raised.  As  the  ocean,  fron)  whence  these  bed?  were 
liaised,  must  have  beep  agitated  with  inconceivable  violence^  the 
retirmg  waters  would  scoop  out  deep  excavations  in  the  softei 
t>eds  of  schist,  and  also  tear  off  many  of  the  vertical  plates  of 
the  hardest  rocks,  and  form  the  rudiments  of  these  pyramidal 
peaks  and  aiguilles,  which  ri^e  like  the  spires  of  a  Gothic  cathe^ 
dral.  Subsequent  deluges,  of  which  there  are  ajbo  proo&,  may 
^ave  further  torn  i^way  portions  both  of  tb^  harder  and  softer 
beds ;  and  the  disintegration  of  the  granitic  aiguilles  which  arQ 
exposed  to  the  influeuce  of  atmospheric  agency  is  daily  taking 
place,  and  their  ruins  are  every  day  falling  on  the  surface  of  thQ 
glaciers,  and  are  carried  down  into  the  valleys :  their  peculiar 
forms  are  derived  from  their  laminated  structure^,  which  dispoaeft 
them  to  split  in  a  vertical  direction.* 


*  Plate  ^  fig.  2.  repret^ntpi  U^e  generalpontioD oC the  be4#  near  tk^  Col.^Q  Bajjss. 
and  Mont  Blanc;  a  a.  a  alternating  b^  of  sandstone  and  limestone;  6  6  elevated 
'beds  of  puddingstone,  containing  rounded  stones  and  fragments  of  the  lower  rocks ; 
<4  soft  «lftte»  in  which  a  passage  or  Col  is  formed;  ddd  Tertioel  gMoilio  beds  rkiag 
in  pyramidal  Ibrmf,  called  Aiguilles  or  Needles. 


CHAPTER  V. 

ON  ROCKS  GENERALLY  DENOMINATED  PRIMARY. 

Claanficatioo  of  Primary  Rocks. — Granite ;  its  constituent  Minerals. — Varietiflf  of 
Granite. — Structure  of  Granitic  Rocks. — General  Appearance  of  Granitic  Moun- 
tains.— Granitic  Aiguilles. — Structure  of  Mont  Blanc. — Principal  Localities  of 
Granite. — Situatkiis  in  England  where  Granite  is  found. — Granite  Veins. — Ob 
what  has  been  denominated  Secondary  Granite. — On  the  Passage  of  Granite  into- 
Felspar-porphyry  and  Sienite. — ^Minerals  that  occur  in  Granite ;  Uses  to  which 
it  is  applied. 

If  any  rocks  can  with  propriety  be  denominated  Primary  or 
Primitive,  they  are  those  which  are  most  widely  spread  over  the 
globe  in  the  lowest  relative  situation,  and  which  contain  no  re- 
mains of  organic  existence.  Primary  rocks  are  supposed  by  Ge- 
ologists to  constitute  the  foundation  on  which  rocks  of  all  the 
other  classes  are  laid ;  and  if  we  take  an  enlarged  view  of  the 
structure  of  the  globe,  we  may  admit  this  to  be  the  fact, — but  the 
admission  requires  certain  limitations.  The  same  causes  that 
have  produced  granite  and  the  other  primary  rocks  in  immense 
masses  below  all  oth^r  rocks,  have  in  some  situations  reproduced 
them  in  smaller  masses,  covering  rocks  belonging  to  the  Transi- 
tion or  Secondary  Classes.  No  systems  of  classification  can  be 
made  so  definite  in  the  mineral  kingdom,  as  those  which  relate 
to  organic  beings  in  the  vegetable  or  animal  kingdoms.  It  will 
however  be  convenient  to  retain  the  term  Primary  Rocks,  when 
treating  of  those  rocks  which,  according  to  the  present  state  of 
knowledge,  are  the  foundation  rocks  of  every  country,  although 
some  of  these  rocks  may  occasionally  make  their  appearance  in 
the  upper  formations. 

Primary  rocks  are  composed  chiefly  of  the  hard  minerals, 
quartz,  felspar,  and  hornblende ;  the  minerals,  mica  and  talc,  are 
disseminated  in  smaller  proportions,  and  limestone  and  serpen- 
tine occur  in  beds  or  masses,  but  less  frequently  than  the  above 
named  minerals.    If  we  refer  the  slate  rocks  to  the  Transition 
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Class,  the  few  simple  minerals  here  enumerated  constitute  nearly 
the  whole  of  the  mountains  denominated  Primary. 

The  structure  of  primary  rocks  is  crystalline ;  they  form  the 
central  parts  of  the  most  elevated  mountain  chains,  and  they  oc- 
cur at  the  lowest  depths  that  have  yet  been  explored,  and  are- 
hence  believed  to  be  the  most  ancient  of  rock  formations. 

Werner  has  enumerated  fourteen  primary  rocka :  but  as  some 
of  these  have  been  found  hitherto  in  only  one  place,  it  appears 
improper  to  consider  them  as  distinct  orders,  unless  we  arrange 
every  variety  of  rock  in  the  same  manner,  and  increase  the  num- 
ber of  orders  indefinitely.* 

The  following  arrangement  of  Primary  Rockg  wiQ,  I  trust,  be 
found  both  simple  and  intelligible,  and  as  conformable  to  nature 
as  the  present  state  of  our  information  will  admit*  It  includes 
only  three  principal  rocks  as  primary ;  granite,  with  gneiss  and 
mica  slate,  which  are  nearly  alUed  to  granite,  and  form  an  in- 
crustation over  it:  these  never  contain  organic  remains,  and  they 
have  rarely  been  observed  lying  over  other  rocks  in  which  such 
remains  are  found. 

Class  I. 

Principal  Rocks  denominated  Primary, 

1 .  Granite,  comprising  all  the  varieties  of  this  rock,  and  small- 

grained  granite  passing  into  porphyry.     Eurite  of  the 
French  Geologists,  primitive  porphyry  of  the  Germans. 

2.  Gneiss  or  Slaty  Granite. 

3.  Mica  Slate. 


*  The  syBtem  of  clMsificatkm  introduced  by  Werner,  was  formed  principally  from 
observations  made  in  Saxony,  and  had  great  merit,  at  illustrating  the  geology  of  that 
part  of  Germany :  but  it  has  been  objected  with  much  reason  to  the  general  adop- 
tion of  the  terms  he  employs,  that  they  were  framed  to  suit  a  particular  theory,  be- 
fore a  sufficient  number  of  &cts  had  been  collected  to  warrant  its  reception.  Sub- 
sequent discoveries  have  also  proved,  that  the  diflerent  classes  into  which  Werner 
has  divided  roclcs,  have  not  the  marked  and  definite  chtrtcters  necessary  to  ooDstitute 
a  natural  system  of  arrangement  , 
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Smbcrdincite  Rocks  wUch  occur  among  Primary. 

Hornblende  Rock. 
Serpentine. 

CrystalKne  Limestone. 
Qaartz  Rock. 
Some  of  these  sabordinate  rocks  occur  also  among  rocks  of 
the  Transition  Class.* 

The  three  principal  rocks  of  the  Primary  Class, — ^granit^, 
gneiss,  and  mica  slate, — might  with  propriety  be  regarded  as  bd- 
longing  to  one  formation.  They  are  composed  essentially  of  the 
same  minerals  varying  in  different  proportions,  and  are  rather 
itiodes  of  the  same  rock,  than  different  species.  They  pass  by 
gradation  into  each  other,  as  one  or  other  of  their  constituent 
minerals  become  more  or  less  abundant;  they  alternate  with 
each  other  in  various  situations,  and  may  be  regarded  as  cotem- 
poraneous.  It  may,  however,  for  the  convenience  of  description, 
be  proper  to  treat  of  each  separately. 

Rocks  of  the  First  Class. 

Granite  is  considered  as  the  foundation  rock  on  which  slate 
rocks  and  all  secondary  rocks  are  laid.  From  its  great  relative 
depth,  granite  is  not  frequently  met  with,  except  in  alpine  situa- 
tions, where  it  appears  to  have  been  fbrced  through  the  more  su- 
perficial covering  of  the  globe.  Where  granite  rises  above  the 
surface,  the  beds  of  other  rocks  in  the  same  district  generally  rise 
towards  it,  and  their  angles  of  elevation  increase  as  they  approach 
nearer  to  it.  Some  writers  derive  the  name  from  geranites^  a 
word  used  by  Pliny  to  denote  a  particular  kind  of  stone ;  others, 
with  more  probability,  suppose  that  the  name  originated  from  its 


*  Since  the  publicatioD  of  the  first  edition  of  this  worlc,  M.  Brongniart,  a  celebra- 
ted French  mineralogist,  has  proposed  an  arrangement  in  many  respects  similar  t» 
what  I  had  adopted.  The  characters  of  Brongniart^s  first  class  agree  with  thoee  I 
had  before  given  in  this  worlc.  "  La  premiere  classe  renfermerait  les  tenpins  dans 
lesquelles  on  n'a  encore  decouvert  aucun  debris  de  corps  organises  dont  la  stnictnra 
est  crystallis^e,  et  dans  la  composition  desquelles  les  roches  granitiqiics  proprement 
dites  soot  dominantcs/'-^/oumal  (fed  Mines,  Mai,  1814. 
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granular  structure,  or  the  grains  of  which  it  is  composed.  Gran- 
ite is  composed  of  the  three  minerals  described  in  the  third  chi^p- 
ter,— quartz,  felspar,  and  mica ;  which  are  more  or  less  perfectly 
crystallized,  and  closely  united  together. 

The  three  minerals  of  which  granite  is  composed  vary  much 
in  their  proportions  in  different  granitic  rocks ;  and  often  in  spe- 
cimens from  the  same  rock  the  crystals  are  large,  or  small,  or 
equally  intermixed,  in  one  part,  and  in  another  part  quartz  or  fel- 
spar greatly  predominates.  Some  granites  are  composed  of 
small  grains,  and  have  large  ctystAU  of  felspar  interspersed ; 
these  are  denominated  Porphyritic  Granites.  Stones  of  this 
kind  are  common  in  the  foot-pavements  of  London.* 

Felspar  in  general  constitutes  by  far  the  largest  part  of  gran- 
ite :  the  more  common  colours  are  white  and  red ;  it  is  sometimes 
in  a  soft  or  decomposing  state,  and  appears  earthy.  In  some 
granites  the  crystals  of  felspar  are  distinctly  formed.  Quartz 
generally  occurs  in  small  irregular-shaped  grains,  which  have  a 
vitreous  lustre.  The  mica  in  granite  occurs  most  commonly  in 
small  shining  scales,  which  are  most  frequently  either  black,  or 
whitish  and  silvery.  It  sometimes  occurs  in  large  hexagonal 
plates,  but  this  is  more  commonly  the  case  in  the  granite  that 
forms  veins  in  granitic  mountains ;  such  veins  with  large  plates 
of  mica  are  frequent  near  Aberdeen  in  Scotland.  Mica  readily 
separates  or  divides  into  thin  transparent  laminse ;  and  where  the 
plates  are  very  large,  as  in  the  Siberian  granite,  it  is  used  instead 
of  glass  for  windows.  This  variety  is  improperly  called  Musco- 
vy Talc,    Talc  resembles  mica,  but  is  much  softer.    When  the 


*  Spedmens  of  Cornish  and  Scotch  granites  are  not  difficult  to  procure  in  London, 
as  they  are  commonly  used  for  paving-stones.  In  the  former  Uie  felspar  is  white; 
the  mica  appears  like  gUstening  scales  which  have  a  tarnished  semi-metmllic  lustre. 
The  quartz  has  a  yitreous  appearance,  and  is  of  a  light  gray  colour.  In  Scotch 
granite  the  felspar  has  more  commonly  a  reddish  broMm  colour.  The  mica  is  not 
unfrequently  black  and  splendent,  and  may  be  divided  into  thin  scales  by  the  point 
of  a  penknife  2  this  distinguishes  it  from  hornblende,  whidi  is  sometimes  intermixed 
with  this  granite. 

9 
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grams  of  felspar  and  other  minerals  are  very  minute  in  granite,  it 
can  scarcely  be  distinguished  from  sandstone. 

Beside  the  three  minerals,  quartz,  felspar  and  mica,  whicii 
were  formerly  considered  as  the  essential  constituent  parts  of  aB 
true  granite,  whoever  has  attentively  examined  various  granitie 
districts^  must  have  frequently  observed,  that  other  minerals  oc- 
cupy the  place  of  mica  either  in  part  or  entirely.  Thus  near  the 
summit  of  Mont  Blanc,  the  granite  is  composed  of  felspar,  quajts, 
and  talc  or  chlorite,  the  latter  mineral  supplying  the  place  of 
mica.  To  this  variety  of  granite  the  name  of  Protogine  has  mt' 
properly  been  given ;  whereas  Talcy  or  Chloriiic  Granite  weald 
at  once  convey  a  distinct  idea  of  its  nature.  In  some  instances, 
hornblende  supplies  the  place  of  mica,  or  is  intermixed  with  it 
To  this  rock  the  name  of  Sienite  was  given,  because  a  granitic 
rock  of  this  kind  from  Sienna  in  Upper  Egypt,  was  much  used 
by  the  ancients  for  obelisks. 

The  following  varieties  of  granitic  rocks  are  often  associated 
with  common  granite  in  the  same  mountcun  mass,  and  may  be 
regarded  as  cotemporaneous  with  it,  being  essentially  the  same 
rock,  accidentally  modified  by  an  admixture  with  other  simple 
minerals. 

Common  Granite. — The  felspar  white  or  red,  composed  of 
quartz,  felspar  and  mica. 

Parphyritic  Grranite^  in  which  large  crystals  of  felspar  occur  ia 
a  small-grained  granite.  The  granite  from  a  mountain  near 
Shap  in  Westmoreland  offers  an  excellent  type  of  this. 

Sienite  or  Sienitic  Ghraniie^  in  which  hornblende,  either  wholly 
or  in  part,  supplies  the  place  of  mica.  The  granite  of  Malvern 
and  the  Charnwood  Forest  hills  afford  specimens  of  this  granite. 

Talcy  or  Chloritic  Granite. — Quartz,  felspar,  and  talc  or  chlo- 
rite. Many  of  the  granitic  mountains  in  Savoy  are  composed.of 
this  granite ;  and  loose  blocks  of  it  are  scattered  over  the  valleys 
and  on  the  sides  and  summits  of  the  calcareous  mountains  in  the 
countries  to  the  north  and  north-west  of  the  Alps.  This  granite 
is  by  some  writers  called  Protogine. 
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FeUpaikic  Cbraniie^  in  which  the  felspar  is  the  principal  iogre- 
tlient,  and  the  quartz,  and  particaiariy  the  mica,  very  rare ;  lar- 
ger crystaU  of  felspar  occur  in  it  It  is  frequently  nearly  white. 
To  this  variety  Werner  has  given  the  name  of  White  Stone, — 
and  the  French,  Eurite.  It  occurs  m  beds  in  common  granite  in 
Cornwall.  In  its  most  compact  form,  it  becomes  a  porphyry, 
and  is  closely  allied  to  volcanic  rocks  in  Auvergne. 

Granite  occurs  in  masses  of  vast  thickness,  which  are  common- 
ly divided  by  fissures  into  blocks  that  approach  to  rhomboidal  or 
pretty  regukeur  polyhedral  forms.  Sometimes  a  columnar  struc- 
ture may  be  observed  in  granitic  mountains;  in  other  instances, 
where  the  quantity  of  mica  is  considerable,  granite  divides  into 
parallel  layers  or  plates,  that  have  been  mistaken  for  strata. 
Granite  is  occasionally  found  in  globular  masses,  which  are  com- 
posed of  concentric  spherical  layers,  separated  by  granite  of  a 
less  compact  kind,  and  inclosing  a  hard  or  central  nucleus. 
These  globular  masses  are  often  three  or  four  yards  or  more  in 
diameter,  and  are  either  detached  or  imbedded  in  granite  of  a 
softer  kind ;  this  structure  is  not  peculiar  to  granite. 

The  aspect  of  granitic  mountains  is  extremely  vsirioas :  where 
the  beds  are  nearly  horizontal,  or  where  the  granite  is  soft  and 
disintegrating,  the  summits  are  rounded,  heavy,  and  unpictur- 
esque.  Where  hard  and  soft  granite  are  intermixed  in  the  same 
mountain,  the  softer  granite  is  disintegrated  and  falls  away,  and 
the  harder  blocks  remain  piled  in  confusion  on  each  other,  like 
an  immense  mass  of  ruins.  Where  the  granite  is  hard,  and  the 
beds  are  nearly  vertical  and  have  a  laminar  structure,  it  forms 
lofty  pyramidal  peaks  or  aiguilles,  that  rise  in  enormous  spires ; 
such  are  the  aiguilles  in  the  vicinity  of  Mont  Blanc,  which  are  far 
more  interesting,  both  to  the  picturesque  traveller  or  the  Geolo- 
gist, than  Mont  Blanc  itsel£  The  Aiguille  de  Dru  is  perhaps  the 
most  remarkable  granitic  mountain  at  present  known ;  the  upper 
part  or  spire  rises  above  its  base  nearly  to  a  point  in  one  sofid 
shaft  more  than  four  thousand  feet ;  the  summit  is  eleven  thou- 
sand feet  above  the  level  of  the  sea.* 
^»^»— »— ^^— ^i^— — ^^^p— ^-»—  I  ^»— ^— i— ^— ^i^»^i^^i^^»^^^— ^^^i^i— — ^j^^^»^— — ' 

*  A  abort  description  of  this  mountain,  with  a  plate,  is  gfvea  in  die  Sd  volume  of 
^Travels*' by  die  Author. 
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It  has  been  observed  in  so  many  situations,  that  it  may  per/iipi 
be  regarded  as  a  general  law, — wherever  granite  rises  high  above 
the  surface  of  the  earth,  the  strata  of  limestone  or  other  rocks  in 
its  vicinity  rise  towards  it.  Numerous  instances  of  this  occur  m 
the  Swiss  Alps.  In  the  higher  part  of  the  valley  of  Lanterbmo 
in  the  Canton  of  Berne,  1  have  seen  a  bed  of  limestone  in  imme* 
diate  junction  with  granite  in  a  perfectly  vertical  position,  like  a 
wall  built  up  against  it. 

In  many  of  the  highest  mountains  in  the  northern  or  Swiss  Alps, 
granite  is  seen  only  near  their  bases ;  the  summits  are  compos^ 
ed  of  immense  beds  of  limestone  and  secondary  stratified  rocks. 
In  the  southern  chain,  or  the  Savoy  Alps,  the  highest  summits 
are  granite ;  indeed  the  highest  known  point  at  which  granite 
has  been  observed  in  any  part  of  the  world  is  Mont  Blanc  ia 
Savoy,  the  loftiest  mountain  in.  Europe,  rising  fifteen  thousand 
six  hundred  and  eighty  feet  above  the  level  of  the  sea,  or  near- 
ly  five  times  higher  than  .any  mountain  in  England  or  Wales. 
It  was  first  ascended  by  Doctor  Pacard  in  1786,  and  afterwards 
by  Saussurc,  who  has  published  a  very  interesting  account  of  his 
ascent.  Several  persons  have  since  ascended  this  mountain,  but 
Saussure  is  the  only  traveller  who  has  given  us  any  information 
respecting  its  structure.  I  shall  therefore  insert  a  brief  account 
of  his  observations ;  they  are  highly  interesting. — He  set  out  from 
the  priory  of  Chamouni,  from  whence  the  distance  to  the  sum- 
mit of  the  mountain  in  a  direct  line  is  not  more  than  two  French 
leagues  and  a  quarter :  but  owing  to  the  difficulty  of  the  ascent,  it 
requires  eighteen  hours  continued  labour,  exclusively  of  the  time 
necessary  for  repose  and  refreshment.  The  first  day^s  journey 
was  comparatively  easy,  the  route  being  over  soil  covered  with 
vegetation,  or  bare  rocks.  The  ascent  on  the  second  day  was 
over  snow  and  ice,  and  more  difficult :  at  four  o^clock  in  the  at 
ternoon  of  the  same  day,  Saussure  and  his  attendants  pitched  their 
tent  on  the  second  of  the  three  great  plains  of  snow  which  they 
had  to  traverse.  Here  they  passed  the  night,  fourteen  hundred 
and  fifty-five  loises  (or  three  thousand  one  hundred  yards)  above 
the  levH  of  the  sea,  and  ninety  toises  higher  than  the  Peak  of 
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Teneriffe.  The  barometer  stood  at  seventeen  incbea.  The  next 
morning  they  proceeded  with  much  difficulty  and  fatigue,  arising 
principally  from  the  extreme  rarity  of  the  atmosphere,  which 
affected  their  respiration.  The  upper  parts  of  Mont  Blanc  are 
above  the  limits  of  perpetual  snow,  and  it  is  only  on  the  sides  of 
the  nearly  perpendicular  peaks  and  escarpments  that  the  bare 
rock  is  visible.  They  gained  the  summit  by  eleven  o^clock  A.M. 
^'  From  this  elevated  observatory,^^  says  Saussure,  '^  I  could  take 
in  at  one  view,  without  changing  my  place,  the  whole  of  the 
grand  phenomenon  of  these  mountains ;  namely,  the  position 
and  arrangement  of  the  beds  of  which  they  are  composed. 
Wherever  I  turned  my  eyes,  the  beds  of  rock  in  the  chains  of  se- 
condary mountains,  and  even  in  the  primary  mountains  of  the 
second  order,  rise  towards  Mont  Blanc  and  the  lofty  summits  in 
its  neighbourhood  :  the  escarpments  of  these  beds  of  rock  were 
all  facing  Mont  Blanc,  but  beyond  these  chains  were  others 
whose  escarpments  were  turned  in  a  contrary  direction.  Not- 
withstanding the  irregularity  in  the  forms  and  the  distribution  of 
the  great  masses  that  surround  Mont  Blanc,  and  those  which 
constitute  the  mountain  itself,  I  could  trace  some  features  of  re- 
semblance not  less  certain  than  important  All  the  masses  which 
I  could  see  were  composed  of  vertical  plates  {feuiUeU^)  and  the 
greater  part  of  these  plates  were  ranged  in  the  same  direction, 
from  north-east  to  south-west.  I  had  particular  pleasure  in  ob- 
serving the  same  structure  in  the  lofty  peak  of  granite  called  the 
Col  du  Midij  which  I  had  formerly  endeavoured,  but  in  vain,  to 
approach,  being  prevented  by  inaccessible  walls  of  granite.  Af- 
ter the  second  day^s  ascent,  this  lofty  pinnacle  was  beneath  me ; 
and  I  fully  convinced  myself  that  it  is  entirely  composed  of  mag- 
nificent plates  {liunes)  of  granite,  perpendicular  to  the  horizon 
and  ranging  from  east  to  west.  I  had  formerly  been  induced  to 
beUeve  that  these  plates  were  folded  round  the  peak,  like  the 
leaves  of  an  artichoke ;  but  this  was  an  optical  illusion,  when 
seen  imperfectly  from  below :  here,  where  the  eye  could  as  it  were 
dart  down  into  the  interior  structure  of  the  mountain,  the  plates 
j>f  rock  appeared  regularly  parallel  in  a  direct  line.    I  was  also'* 
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says  Saussare, ''  particularly  desirous  of  ascertainiog  whelbertbe 
vertical  beds  were  composed  of  the  same  substances  at  their  sum* 
mits  as  at  their  bases,  where  I  had  so  frequently  inspected  tbem; 
and  I  am  perfectly  satisfied  from  actual  examination^  that  thej 
preserve  the  same  nature  through  their  whole  extent,  and  are  the 
same  at  the  summit  as  below.**'  Voyages  dans  Us  AJpes^  torn.  4. 
The  inference  drawn  by  Saussure,  respecting  the  vertical  po> 
siUon  of  the  beds  of  granite  that  compose  a  principal  part  of 
Mont  Blanc  and  the  adjoining  mountains,  is,  that  they  were  ori- 
ginally horizontal,  and  have  been  subsequently  elevated  by  tome 
tremendous  convulsion  of  nature.  The  summit  of  Mont  Bhoc, 
he  says,  must  at  one  time  have  been  more  than  two  leagnes  m* 
der  the  surface.  To  the  same  convulsion  he  also  attrifavlea  the 
position  of  the  escarpments  or  steep  sides  of  the  rocks  whkk 
face  Mont  Blanc  for  a  considerable  extent,  and  then  turn  firom  it 
in  an  opposite  direction.  This  would  be  the  case  had  the  siir* 
face  of  the  globe  been  broken  and  elevated  in  the  manner  he 
supposes.  There  is  a  circumstance  stated  by  Saussure,  which 
tends  strongly  to  confirm,  if  not  absolutely  to  prove,  the  tnith  of 
his  hypothesis.  Some  of  the  vertical  beds  of  rock  adjacnt  to 
the  granite,  contcdn  round  pebbles,  boulders,  and  waterwora 
pieces  of  the  lower  rocks.  See  observations  on  these  beds.  Chap. 
IV.  It  is  impossible  to  conceive  that  those  rounded  firagnenfs 
could  have  been  placed  in  a  vertical  position ;  for,  if  thej  be  ie> 
ally  pebbles  and  boulders,  the  beds  on  which  they  occur,  waA 
originally  have  been  nearly  horizontal.  Now  as  these  beds  aie 
at  present  placed  between  others  which  are  also  vertical  and  m 
the  same  range,  it  follows  that  the  whole  have  been  overtomed 
and  thrown  up,  at  a  period  subsequent  to  their  formation^t 


*  The  extreme  fatigue  and  exhaustion  which  Saofliure  experienced  during  Uie  «- 
cent  of  Mont  Blanc  ii  suppoied  to  have  abridged  the  life  of  tfaii  active  and  tntt^ 
gent  philosopher. 

t  An  opinion  hat  lately  been  advanced,  that  the  rounded  pebbles  which  ocesr  k 
roekt  are  not  really  waterwom  fragmenti,  but  original  parts  of  th«*  rock :  hot  Seal- 
sore  says  expressly,  that  the  boulders  in  Uie  rocks  near  Mont  Bhnc  are  prodsely 
similar  to  the  bouklers  on  the  shores  of  the  lake  of  Geneva.    That  rocks 
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The  Himmaleh  Mountains  in  the  centre  of  Asia  rise  ten  thou* 
sand  feet  higher  than  any  mountains  in  the  Alps ;  but  where 
their  summits  are  uncovered  by  snow,  they  are  believed  to  be 
composed  of  secondary  strata. 

Many  of  the  mountains  in  the  extensive  range  of  the  Andis 
in  South  America  also  rise  much  higher  than  Mont  Blanc  ;  but 
granite  has  not  been  found  there  in  a  greater  elevation  than  elev* 
en  thousand  five  hundred  feet,  an  elevation  exceeded  by  many 
of  the  granite  mountains  in  Europe.  The  range  of  the  Andes 
is  the  seat  of  active  volcanic  fires,  which  appear  to  have  covered 
the  primary  mountains  with  an  immense  mass  of  matter,  ejected 
by  ancient  and  recent  eruptions.  In  Mexico  and  New  Spain 
also,  the  granite  appears  to  be  nearly  covered  by  basalt,  porphy- 
ry, and  lava,  ejected  from  the  numerous  volcanos  which  now 
exist,  or  have  existed,  in  those  countries. 

To  this  accumulation  of  volcanic  matter  the  mountcuns  in 
South  America  owe  their  superior  elevation.*  Chimborasso  and 
Cayambo  are  the  highest  mountains  in  the  world, — the  former 
rises  twenty-one  thousand  four  hundred  and  forty  feet, — but  their 
summits  are  vast  cones  composed  of  volcanic  productions  cov- 
ered with  snow.  Chimborasso  is  one  mile  and  one  hundred  and 
sixty  yards  higher  than  Mont  Blanc.  The  general  arrangement 
of  the  Andes  consists,  according  to  Humboldt,  of  granite,  gneiss, 
mica,  and  clay  slate,  as  in  the  Alps ;  but  on  these  are  frequently 
laid  porphyry  and  basalt,  ^^  arranged  in  the  form  of  regular  and 
immense  columns,  which  strike  the  eye  of  the  traveller  like  the 
ruins  of  enormous  castles  lifted  into  the  sky.^' 

In  the  eastern  parts  of  the  United  States,  and  in  Canada, 
granite  is  seen  near  the  surface  uncovered  by  other  rocks,  and 
does  not  rise  to  any  great  elevation.    The  constant  occurrence 

include  pieces  of  diflerent  kinds  of  stone,  wliich  in  fact  are  original  parts  of  Uie 
rock,  cannot  be  doubted ;  but  in  such  cases  there  appears  a  gradual  transition,  from 
the  substance  of  the  rock,  into  the  stone  which  appears  imbedded. 
-  *  The  author  probably  speaks  of  the  height  of  these  mountains  above  the  country 
at  their  base  and  not  of  their  elevation  above  the  sea  which  is  less  Uian  that  stated 
above  for  the  Himmaleh  Mountains.-^-.im.  Ed, 
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of  granite  at  a  lower  level  in  America  than  in  Europe,  id  a  re 
markable  geological  fact.  In  Europe  the  central  part  of  th( 
principal  mountain  ranges  is  granite;  as  in  Scandinavia,  thi 
Alps,  the  Pyrenees,  and  the  Carpathian  mountains.  In  Asia,  gran 
ite  forms  a  considerable  part  of  the  Uralian  and  Altaic  range  o 
mountains,  and  it  appears  to  compose  the  principal  mountain 
that  have  been  examined  in  Africa. 

The  parts  of  England  and  Wales  where  granite  and  granitk 
rocks  occur,  are  Cornwall,  Devonshire,  North  Wales,  Angleaea 
the  Malvern  Hills  in  Worcestershire,  Charnwood  Forest  in  Lei 
cestershire,  and  in  Cumberland  and  Westmoreland.  The  graniti 
near  Shap  in  Westmoreland  is  porphyritic,  containing  largi 
crystals  of  red  felspar.  There  arc  rolled  masses  of  granite  oi 
the  banks  of  Ulswater  resembling  the  granite  of  some  parts  o 
Cornwall,  and  of  the  Wicklow  Mountains  in  Ireland,  but  oion 
highly  crystalline  than  the  latter.  The  felspar  is  in  large  whiti 
and  reddish-white  crystals.  The  mica  is  a  blackish  green,  anc 
on  the  outer  parts  decomposed.  There  is  no  similar  rock  in  thi 
vicinity  known  in  situ.  It  has  all  the  characters  given  by  min 
eralogists  to  primary  granite.*  I  am  inclined  to  believe  that  th< 
same  formation  of  granite  which  just  makes  its  appearance  oi 
the  western  side  of  South  Britain  is  continued  under  the  Irtrii 
Channel ;  or  if  broken  there,  it  rises  again  in  the  Isle  of  Man 
and  in  the  counties  of  Dublin  and  Wicklow  in  Ireland.  Blockf 
of  granite  are  found  in  the  beds  of  some  of  the  rivers  in  the  north' 
west  part  of  Yorkshire,  and  in  clay-pits  in  Lancashire  and  Cheih' 
ire,  at  a  great  distance  from  any  granite  mountains.  Most  oj 
the  granitic  rocks  on  Charnwood  Forest  are  of  that  kind  denom- 
inated sienite.t 

*  Since  the  publication  of  the  former  editions  of  this  work,  jip^nitc  of  a  slmUai 
kind  has  been  discovered  forming  the  base  of  Skiddaw  and  other  mountains  in  Cam- 
l>erland. 

i  According  to  Brongniart,  granite,  siciiilc,  and  porphyry,  arc  frequently  obaerred 
(graduating  into  each  other  in  some  parts  of  France ;  and  he  forms  this  conclusioD : 
"  En  6tudiant  les  granites  d*un  grand  nombrc  de  pays  pour  tachcr  de  distinguer  claire- 
ment  les  anciens  granites  des  nouveaux,  on  troiive  prcsque  peu  de  phyn  'granitiquei 
qu'on  puisse  rap|>orter  avcc  certitude  k  cette  ancienne  et  primitive  formation  to 
granites.'* — Journal  dea  MineSt  Mar8t  1814 
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Granite  sometimes  forms  veins  shooting  up  into  the  superin- 
cumbent rocks.  This  is  a  fact  of  some  geological  importance, 
as  it  seems  to  indicate,  either  that  the  granite  has  been  in  a  state 
of  fusion,  the  heat  of  which  has  softened  and  rent  the  upper  rocks, 
and  forced  up  the  granite  in  a  melted  state  into  these  fissures ; 
or  else  that  the  granite  and  the  rocks  resting  immediately  upon 
it,  were  both  in  a  fluid  state  at  the  same  time,  and  are  cotempo- 
raneous.  A  remarkable  instance  of  granitic  veins  in  argillaceous 
schistus  at  Mouschole  in  Cornwall,  is  described  in  Dr.  Thomson^s 
Annals  of  Philosophy,  May  1814.  ^  The  schistus  is  of  a  grayish 
colour,  rather  hard,  but  breaks  in  large  fragments  in  the  direction 
of  the  strata.  The  granite  is  of  a  fine  grain,  and  the  felspar  is 
of  a  light  flesh  colour,  and  contains  but  a  small  portion  of  mica. 
At  the  junction  numerous  veins  of  granite  may  be  traced  from 
the  rock  of  granite  into  the  schist.  Some  of  these  veins  may 
be  observed  upwards  of  fifty  yards,  till  they  are  lost  in  the  sea ; 
and  in  point  of  size,  vary  firom  a  foot  and  a  half  to  less  than  an 
inch.  It  may  deserve  notice,  that,  as  the  felspar  is  of  a  flesh  col- 
our, it  is  impossible  for  any  observer  to  consider  them  as  quartz 
veins :  one  of  these  large  veins  is  dislocated,  and  heaved  several 
feet  by  a  cross  course.  Quartz  and  fragments  of  schistus  having 
the  appearance  of  veins  are  found  in  the  granite  veins.  At  one 
place  there  is  a  very  curious  and  satisfactory  phenomenon.  One 
of  these  veins  of  granite,  after  proceeding  vertically  some  distance, 
suddenly  forms  an  angle  and  continues  in  a  direction  nearly  hor- 
izontal for  several  feet,  with  schistus  both  above  and  below  it. 
This  appearance  most  completely  destroys  one  of  the  theories 
suggested  for  the  explanation  of  similar  veins  at  St  MichaePs 
Mount,  viz.  that  a  ridge  of  projecting  granite  had  been  left,  and 
schistus  deposited  afterwards  on  its  sides.^^ 

In  1816, 1  visited  the  place,  which  is  close  by  the  sea  side,  at 
low  water,  and  observed  some  appearances  which  I  believe 
have  not  hitherto  been  noticed.  The  junction  of  the  granite 
rock  and  the  schist  may  be  distinctly  seen ;  they  form  together 
a  sloping  beach  uncovered  by  any  fragments ;  the  line  of  junc- 

10 
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tion  is  waving  from  tiic  coast  into  the  sea,  as  represented  Plate 
2.  fig.  3. 

It  is  truly  wortliy  of  notice,  that  the  veins  of  granite  may  be 
distinctly  seen  penetrating  both  the  schist  and  the  granite;  fiv 
the  granite  in  the  veins  is  finer  grained  than  the  granite  rock,  and 
may  as  easily  be  distinguished  from  it  in  the  granite,  as  in  the 
schist.  The  granite  rock  itself  is  smaller  grained  near  the  line  of 
junction  of  the  two  rocks,  than  it  is  a  little  distance  from  it,  where 
it  conta^iis  large  white  crystals  of  felspar  in  a  smaller  grained 
reddish  granite.  What  is  further  remarkable,  the  largest  gran- 
ite vein  in  passing  into  the  schist,  cuts  through  a  vein  of  quartz 
thicker  than  itself;  and  a  few  yards  nearer  the  sea,  a  small  quartz 
vein  cuts  through  the  same  granite  vein :  see  Plate  2.  fig.  S. 
What  is  culled  the  schist  or  killas  in  Cornwall,  in  the  places  where 
f  have  observed  it  in  immediate  junction  with  granite,  is  highly 
indurated  and  of  a  dark  colour,  and  appears  to  have  been  chang- 
ed by  the  junction  :  it  has  no  appearance  of  slate  : — ^indeed  the 
change  in  the  ^ize  of  the  grain  of  granite,  as  the  latter  approach- 
es the  killas  at  Mouschole,  would  indicate  that  the  two  rocks  were 
passing  into  each  other.  Perhaps  the  best  designation  of  the 
killas  rock  on  this  situation  is  that  of  a  minutely  grained  and 
higlily  indurated  gneiss,  that  had  lost  its  schistose  character. 

Granite  veins  of  large  size  traverse  granite  rocks  in  the  vicin- 
ity of  Aberdeen :  in  these  veins  both  the  felspar  and  mica  occur 
in  crystalline  plates  and  laminae  of  considerable  magnitude,  ac- 
companied with  tourmaline.  At  G  lentil  in  Scotland,  a  singular 
intermixture  of  granite  in  veins  and  amorphous  masses  occun 
with  slate  and  limestone,  and  has  been  described  by  Dr.  MacCul- 
loch  in  the  Geological  Transactions,  vol.  i.  page  145.  It  seems 
impossible  to  conceive  how  masses  of  granite  could  be  intermix- 
ed with,  or  imbedded  in  limestone,  without  admitting  that  the 
two  substances  have  been  both  in  a  fluid  or  semi-fluid  state  at  the 
same  time,  by  whatever  cause  we  may  suppose  this  fluidity  to 
have  been  eflccted.  Such  instances  may  make  us  feel  less  sur- 
prised at  meeting  with  entire  beds  of  granite  in  other  rocks. 
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Some  geologists  describe  the  granite  under  gneiss  and  the  gran- 
ite over  gneiss  as  different  formations ;  but  as  gneiss  is  itself  a 
schistose  granite,  it  would  be  more  correct  to  state,  that  the  mas- 
sive and  schistose  granite  sometimes  occur  alternating  with  each 
other.  When  the  mica  becomes  abundant,  the  granite  passes  to 
the  state  of  gneiss ;  when  the  felspar  and  quartz  predominate,  it 
becomes  again  massive  or  common  granite. 

What  has  been  said  respecting  the  alternation  of  gneiss  and 
granite,  will  apply  to  the  alternation  of  granite  and  mica  slate. 
In  the  latter,  the  felspar  is  wanting ;  but  if  it  reappear,  it  becomes 
either  granite  or  gneiss.  Mica-slate  also  passes  by  such  insensi- 
ble gradations  into  slate,  that  the  occasional  occurrence  of  gran- 
ite in  some  ancient  slate-rocks  may  admit  of  a  similar  explana- 
tion. We  shall  thus  sweep  away  the  secondary  granites,  which 
have  so  much  bewildered  the  systems  of  many  Geologists  :  in- 
deed nothing  can  appear  more  puerile  and  trifling,  than  the  labour 
of  making  distinctions,  where  Nature  has  made  none.  Of  this 
we  have  an  instance  in  th^  distinctive  characters  which  have 
been  given  of  primary  and  secondary  granite. 

Primary  Granite.  Secondary  Granite. 

1.  Sometimefl  red.  I.  Felspar  commonly  a  deep  red. 

2.  Contains  garnets.  2.  Contains  garnets. 

3.  Is  sometimes  porphjrritic.  8.  Not  porphyritlc ;  but  accord- 

ing to  Professor  Jamieson  is 
sometimes  porphyritlc. 

Again,  M.  D^Aubuisson  tells  us,  that  the  colour  of  primary  gran- 
ite is  almost  always  white. 

What  has  been  advanced  may  be  sufficient  to  prove  that  the 
attempts  to  distinguish  primary  from  secondary  granite  by  their 
mineral  characters,  are  worse  than  useless ;  as  they  waste  the 
time  of  the  learner,  and  tend  to  disgust  him  with  a  science 
already  too  heavily  burdened  with  unmeaning  terms  and  frivolous 
distinctions. 

There  is  a  particular  form  of  granite,  in  which  the  constituent 
parts  are  so  minute  and  so  intimately  mixed,  that  it  appears  very 
minutely  granular  or  even  compact :  to  this  variety  the  French 
Geologists  have  given  the  name  of  Eurite ;  it  has  generally  been 
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described  by  English  Geologiste  as  Compact  felspar^  into  which 
it  passes  by  insensible  gradations.  This  rock  frequently  contains 
large  imbedded  crystals  of  felspar,  and  forms  what  has  been  de- 
nominated felspar-porphyry.  In  Cornwall  it  occurs  in  beds  in 
common  granite ;  but  instead  of  being  regarded  as  a  different 
rock,  it  may  be  more  properly  classed  by  the  Geologist  with  gran- 
ite, being  only  a  variety  in  which  felspar  greatly  predominates. 
This  rock  occurs  also  in  an  unconformable  position,  and  is  gener- 
ally described  as  porphyry,  and  appears  to  form  a  connecting  link 
between  common  granite  and  the  compact  varieties  of  volcanic 
porphyry,  with  a  base  of  felspar  call  by  the  French  Trachyte. 

Sienitlc  granite^  in  which  the  mica  is  partly  or  entirely  replaced 
by  hornblende,  in  some  situations  occurs  with  common  granite  in 
the  same  bed,  and  therefore  must  be  regarded  as  a  variety  of 
granite.  Instances  of  this  change  from  granite  to  sicnite  in  the 
same  rock,  I  have  frequently  observed  in  the  granite  of  Cham- 
wood  Forest.  The  same  change  may  also  be  noticed  in  the 
granite  of  the  Malvern  Hills.  Thot  able  and  accurate  observer 
Dr.  MacCulloch  maintains  tlic  identity  of  granite  and  sienite, 
from  their  fre(]uent  passage  into  each  other  in  the  same  rocks  in 
Scotland.  When  tlic  hornblende  becomes  abundant  and  is 
closely  intermixed  with  felspar,  it  forms  a  dark  finely  granular 
rock,  which  has  been  denominated  trap  or  greenstone :  it  nearly 
resembles  basalt.  In  the  Chamwood  Forest  hills,  and  at  Shap 
in  Westmoreland,  well  defined  granite  may  be  seen  passing  into 
a  dark  coloured  trap-rock  nearly  compact.  I  have  even  broken 
off  hand  specimens  in  which  one  part  was  granite  and  the  other 
trap,  and  the  passnge  from  one  to  the  other  might  be  distinctly 
observed. 

The  crystallized  earthy  minerals  which  occur  most  frequently 
in  granite,  arc  schorl  or  tourmaline,  and  pinite,  a  mineral  nearly 
allied  to  mica, — the  emerald,  corindon,  axinite,  and  topaz,  are 
also  found  occasionally  in  granite.  Sometimes  the  tourmaline  is 
so  abundantly  disseminated,  as  to  form  a  constituent  part  of  the 
rock.  Pinite  occurs  in  considerable  quantities  in  the  earthy  de- 
composing granites  of  Auvergne. 
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Common  granite,  or  massive  granite,  contains  few  beds  of  any 
other  rock,  nor  is  it  rich  in  metallic  ores.  Tin  ore,  however, 
occurs  chiefly  in  granite,  either  in  veins  accompanying  quartz,  or 
disseminated  through  the  rock  at  a  distance  from  the  veins.  Ores 
of  other  metals,  as  copper,  iron,  wolfram,  bismuth,  and  silver,  are 
also  occasionally  found  in  granite. 

Granite  supplies  durable  materials  for  architecture ;  but  it  va« 
ries  much  in  hardness,  and  care  is  required  in  its  selection.  I 
was  told  when  in  Cornwall,  that  granite  got  from  a  considerable 
depth  in  the  quarry  is  so  soft  when  it  is  first  raised,  that  it  can  be 
easily  sawed  into  blocks,  but  it  soon  acquires  great  hardness  by 
exposure  to  the  air.  In  the  mountains  of  Auvergne,  the  granite 
is  extremely  soft,  and  the  felspar  appears  earthy ;  this  is  probably 
the  original  state  of  the  stone.  I  believe  it  is  the  soft  earthy 
granite  from  this  district  which  suppUes  the  Kaolin  used  in  the 
Porcelain  manufacture  at  Sevres.  Mons.  Brongniart,  who  obli- 
gingly accompanied  me  through  the  works,  showed  me  a  speci- 
men of  their  best  Kaolin :  it  contained  crystals  of  pinite.  I  had 
recently  arrived  firom  Auvergne,  and  I  thought  I  recognised  its 
locality. 

Though  granite  may  be  regarded  as  the  lowest  known  rock 
formation,  yet  it  is  certain,  that  in  many  countries  the  seat  of  vol- 
canic fire  is  placed  below  granite.  In  Auvergne  and  a  large  part 
of  central  France,  the  foundation  rock  is  granite ;  but  it  has  been 
pierced  through  by  numerous  ancient  volcanos,  which  have  pour- 
ed currents  of  lava  over  its  surface,  and  covered  other  parts  with 
loose  scorisB  and  black  volcanic  sand.  Some  of  the  currents  of 
lava  appear  as  fresh  as  the  recent  currents  from  Etna  or  Vesu- 
vius. In  other  parts  of  Auvergne  the  granite  appears  to  have 
been  acted  upon  by  subterranean  fire  in  situ^  and  in  some  moun- 
tains, as  in  the  Puy  de  Chopine  near  Riom,  granite  and  volcanic 
rocks  are  intermixed,  one  part  being  true  granite  and  the  other 
volcanic  porphyry,  (trachyte.)* 


See  "Travels  in  Uie  Tarentaise  and  Auvergne,"  vol.  ii,  p.  3S7. 
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The  volcanos  have  long  been  dormant,  and  the  only  remaining 
proofs  of  the  existence  of  subterranean  fires  under  that  district 
are  the  hot  springs  that  rise  in  the  vicinity  of  the  ancient  volcanos. 
According  to  Humboldt,  in  the  Canary  Islands,  as  well  as  in  the 
Andes  of  Quito,  in  Greece,  and  various  parts  of  the  world,  subter- 
ranean fires  have  pierced  through  the  primary  rocks ;  and  he  ad- 
duces the  great  number  of  warm  springs  which  he  has  seen  issuing 
from  Granite,  Gneiss  and  Mica-siatc,  as  a  proof  of  the  truth  of  this 
opinion.  Indeed,  in  the  Andes  numerous  volcanos  arc  in  present 
activity,  from  Cape  Horn  to  Mexico,  and  it  is  probable  that  those 
mountains  owe  their  elevation  to  subterranean  fire ;  for  wc  have 
a  recent  instance  of  the  mighty  power  of  this  agent  to  upheave 
the  crust  of  the  globe.  During  the  earthquake  in  Chili  in  No- 
vember 1822,  the  whole  line  of  coast  running  north  and  south 
from  Valparaiso,  to  the  distance  of  one  hundred  miles,  was  raised 
above  its  former  level ;  and  the  bottom  of  the  sea  was  laid  dry, 
and  shells  were  discovered  sticking  to  the  rocks,  some  of  which 
were  not  before  known  in  those  seas.  It  is  stated  by  an  observer, 
that  the  whole  country,  from  the  coast  to  the  feet  of  the  Andes 
and  even  far  out  to  sea,  was  permanently  raised  by  the  earth- 
quake ;  the  greatest  rise  was  about  two  miles  from  the  shore. 
The  granite  which  forms  the  foundation  rock  was  rent  in  parallel 
fissures.  The  earthquake  is  estimated  to  have  extended  over 
an  area  of  one  hundred  thousand  miles.  The  average  rise  of 
the  land  upon  the  coast  was  from  two  to  five  feet,  at  a  distance  of 
a  mile  from  the  shore  inland  the  elevation  was  seven  feet. 

During  my  residence  in  Savoy  and  Switzerland  in  the  years 
1820,  -21,  and  -22,  I  was  desirous  to  ascertain  whether  there 
were  any  vestiges  of  the  action  of  subterranean  fires  in  the  Alps. 
In  the  part  of  the  great  southern  chain,  extending  from  near  the 
source  of  the  Rhone  to  the  Little  St.  Bernard,  there  do  not 
occur  in  the  numerous  situations  which  I  examined,  or  from  which 
I  have  seen  specimens,  any  minerals  of  a  volcanic  character, 
with  the  doubtful  exception  of  some  rocks  in  the  valley  of  Saass 
and  in  the  Valorsine. 
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Though  I  could  observe  no  indications  of  volcanic  fire  in  the 
rocks  themselves,  I  was  greatly  surprised  with  a  circumstance 
that,  as  far  as  I  know,  had  escaped  the  attention  of  geologists. 
Along  the  whole  line  of  Alps  before  mentioned,  which  extends 
for  one  hundred  and  twenty  miles,  numerous  hot  springs  are  gush- 
ing out  at  the  feet  of  the  primary  mountains  near  the  junction 
of  the  lowest  secondary  limestone,  with  schistose  rocks  passing 
into  mica  and  talcous  slate.    It  was  known  that  a  few  thermal 
waters  existed  in  the  Valois  and  in  Savoy ;  but  they  were  regar- 
ded as  isolated  phenomena,  and  their  geological  position  had  not 
been  attended  to.    Since  Saussure  visited  the  Alps,  thermal  wa- 
ters have  been  discovered  in  various  situations ;  and  since  I  left 
Savoy,  another  considerable  warm  spring  has  been  opened  in 
the  vicinity  of  the  village  of  Chamouni  near  the  foot  of  a  glacier. 
There  is  also  further  reason  to  believe  that  thermal  waters 
would  be  found  in  all  the  deep  valleys  of  the  Alps  near  the  junc- 
tion of  the  primary  and  secondary  rocks,  were  they  not  covered 
by  ebotdements  nnder  heaps  of  loose  stones,  as  was  the  case  with 
the  warm  baths  in  the  valley  of  Bagnes  in  the  Bas  Valois ;  or 
were  not  the  temperature  of  the  warm  springs  reduced  by  admix- 
ture with  torrents  from  the  glaciers. 

In  vol.  i.  chap.  8.  of  my  "  Travels  in  Savoy,"  I  have  described 
the  geological  position  of  nine  of  the  principal  known  thermal 
waters  of  the  Alps;  their  temperature  varies  from  94°  to  126® 
Fahrenheit.  The  quantity  of  water  which  issues  from  these 
springs  is  very  considerable,  and  the  thawing  of  the  bottom  of 
the  glaciers  during  intense  frost,  may  I  believe  be  attributed 
to  the  action  of  thermal  waters.  On  the  Italian  side  of  the  same 
range  of  Alps,  particularly  at  St.  Didider,  near  the  steep  south- 
ern escarpment  of  Mont  Blanc,  there  are  several  thermal  waters ; 
and  further  west  than  the  hot  springs  at  Aix  in  Savoy,  other  hot 
springs  have  been  recently  discovered  near  Grenoble.  It  thus 
seems  probable  that  there  still  exists  under  this  range  of  the  Alps 
one  common  source  of  heat,  to  the  agency  of  which  in  remote 
ages,  the  mountains  originally  owed  their  elevation  ;  for  we  can 
scarcely  doubt  that  the  hot  springs  in  the  Alps,  like  those  in  Au- 
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vergnc,  in  Italy,  or  Iceland,  derive  their  great  temperature  from 
subterranean  fire.  This  inference  is  farther  supported  by  the 
well  authenticated  fact,  that  the  districts  in  which  the  hot  springs 
are  situated,  have  been  subject  to  great  and  frequent  convukions. 
In  the  year  1 755,  the  ground  in  the  vicinity  of  the  hot  springs  of 
Leuk  and  Natcrs,  in  the  Upper  Valois,  was  agitated  with  earth- 
quakes every  day  from  the  1st  of  November  to  the  27th  of  Feb- 
ruary. Churches  were  thrown  down,  the  springs  were  dried  up, 
and  the  waters  of  the  Rhone  were  observed  to  boil  in  seTeral 
places.  The  mountain  above  the  warm  spring  at  Naters  is  said 
to  have  opened  and  discharged  a  quantity  of  hot  water. 

The  hot  springs  at  the  feet  of  the  Pyrenees  may  derive  their 
temperature  from  the  same  source  as  those  on  the  Pennine  Alps ; 
the  countr}'  that  separates  the  Alps  and  the  Pyrenees  is  in  many 
parts  volcanic. 

What  has  been  here  advanced,  may  be  sufficient  to  show  the 
high  probability,  that  the  elevation  of  the  vertical  beds  in  the 
Alps  has  been  effected  by  subterranean  fire, — an  agent  which 
we  have  direct  proof  has  in  our  own  times  elevated  considerable 
portions  of  the  crust  of  the  globe ;  and  it  were  contrary  to  the 
rules  of  sound  philosophy  to  seek  for  other  causes,  than  those 
which  are  now  existing,  when  such  causes  are  adequate  to  the 
production  of  all  the  phoenomena  we  observe. 
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On  the  PaMa^  of  Granite  into  Gneiss. — Gneiss  and  OranUe  veifU. — Mica-Slate. — 
CiTstalBne  or  Primary  limestone. — Formation  of  Lime  by  Animal  Secretion. — 
Origin  of  Calcareous  Rocks* — Sorpentine. — Euphotide  or  Saassorite. — Homblende 
Socles. — Compact  Felspar. — Eurite,  or  White  Stone. — ^Primary  Porphyry  a  Mode 
of  Granite.^Recurrence  of  the  same  Rocks  in  the  dlfl^rent  Rock  formations. 

The  principal  primary  rocks  enumerated  with  granite  in  the 
preceding  chapter  were  Gneiss  and  Mica-slate.  With  these,  cer- 
tain rocks  are  frequently  associated,  and  are  therefore  regarded 
as  cotemporaneous ;  for  where  one  rock  occurs  imbedded  in  an- 
other, it  is  evident  that  the  inclosed  rock  must  be  as  ancient  as 
the  rock  which  enfolds  it ;  and  therefore  if  one  be  primary,  the 
other  must  also  be  primary,  unless  the  imbedded  rock  be  volca- 
nic. Gneiss  received  its  name  from  the  German  miners :  accor- 
ding to  Mr.  Jameson,  the  decomposed  stone  on  the  sides  of  some 
metdlic  veins  was  first  so  called  ;  but  Werner  designated  by  this 
term  a  schistose  or  slaty  granite,  abounding  in  mica.  Granite 
frequently  passes  into  gneiss  by  an  almost  imperceptible  grada- 
tion :  where  the  quantity  of  felspar  decreases  and  the  crystals  or 
grains  become  smaller,  if  the  mica  increases  in  quantity,  and  is 
arranged  in  layers,  the  rock  loses  the  massive  eftructure,  and  be- 
comes schistose ;  we  have  then  a  true  gneiss.  By  the  reverse  of 
this  process,  if  the  quantity  of  felspar  increases,  and  the  mica 
diminishes,  the  rock  loses  the  schistose  structure  and  become9 
massive;  and  we  have  granite  again.  Some  geologists  call  this 
secondary  granite,  but  the  upper  and  lower  granite,  and  the  gneiss 
are  in  this  instance  but  different  modes  of  the  same  rock. 

The  granite  of  the  Alps  which  Saussure  calls  granite  veifUj  is 
properly  an  incipient  state  of  gneiss ;  the  mica  is  anranged  in 
parallel  layers,  varying  in  distance  fix>m  each  other ;  when  they 

11 


8'i  GNEISS  AND  MICA-SLAT£. 

approach  very  near,  they  form  what  in  hand  specimens  is  called 
true  gneiss.  When  the  parallel  layers  of  mica  are  at  some  £» 
tance  from  each  other,  they  give  a  striped  appearance  to  the 
rock.  LamincD  of  quartz  of  considerable  thickness  sometimei 
separate  the  felspar  from  the  mica,  and  occasionally  masses  of 
quartz  are  imbedded  in  gneiss.  When  the  mica  becomes  toj 
abundant,  and  the  other  constituent  parts  are  small  in  size  asi 
(juantity,  gneiss  passes  into  mica-slate ; — gneiss  has  often  a  wa^ 
ed  form.  This  rock  has  been  represented  as  stratified,  I  conceiTei 
by  a  mistake  in  confounding  the  stratified  with  the  slaty  struc- 
ture :  the  latter  is  occasioned  by  the  quantity  of  mica  and  some- 
times of  talc  which  it  contains,  and  is  the  effect  of  crystallizatioai* 

Beds  of  crystalline  limestone,  and  of  hornblende  rock,  occv 
in  gneiss.  It  contains  most  of  the  metallic  ores,  both  in  veiof 
and  beds.  Crystals  of  garnet  are  frequently  interspersed  in 
gneiss,  but  are  more  common  in  micaceous  schist,  which  is  neu- 
]y  allied  to  this  rock. 

The  declivities  of  granite  mountains  are  covered  by  rocks  of 
gneiss  in  many  parts  of  the  world.  Gneiss  constitutes  the  princi- 
pal rock-formation  in  a  considerable  part  of  Sweden.  It  ocean 
in  Scotland  and  Ireland,  but  is  scarcely  known  in  any  part  of 
England  or  Wales.  Very  well  characterized  gneiss  occurs  in  the 
vicinity  of  Aberdeen.  An  imperfectly  formed  gneiss  is  found  on 
the  Malvern  Ilills.  I  have  also  seen  gneiss  brought  firom  the 
lower  part  of  Skiddaw  in  Cumberland.  Mountains  of  gneiss  are 
not  so  steep  and  broken  as  those  of  granite,  and  the  summits 
are  generally  rounded. 

Mica-slate  or  Micaceous  schistus  is  frequently  incumbent  on 
gneiss  or  granite,  and  covered  by  common  slate  ;  it  passes  by 
gradation  into  both  these  rocks, — the  coarser  grained  resembling 
gneiss,  and  the  finer  kind,  by  insensible  transition,  becoming  clay- 
slate. 


*  Tlie  partings  or  divisions  in  rocks,  which  may  properly  be  denominated  renti. 
are  distinct  from  those  which  are  the  eflect  of  crystallization,  and  may  be  distin- 
guished by  their  irregularity,  roughness,  and  the  indeterminate  maoner  In  which 
(hey  intersect  the  stone. 
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Mica-slate  is  composed  essentially  of  mica  and  quartz  intimate- 
ly combined ;  the  felspar,  which  is  a  principal  constituent  part  of 
granite  and  gneiss,  occurs  only  occasionally  in  irregular  masses 
in  this  rock.  The  colour  of  mica-slate  is  generally  a  light  gray, 
inclining  sometimes  to  green  or  yellow ;  the  finer  kinds  have  a 
pearly  lustre ; — in  the  coarser  kind  the  laminaB  of  mica  are  more 
distinct  and  splendent  Crystals  of  garnet  are  frequently  dis- 
seminated in  mica  slate ;  it  contains  occasionally  crystals  of  oth- 
er minerals.  It  has  a  slaty  structure,  and  is  often  waved  and 
contorted,  and  divided  by  thin  laminae  of  quartz.  It  sometimes 
contains  beds  and  laminae  of  crystalline  limestone,  or  is  intermix- 
ed with  serpentine.  Mica-slate  also  frequently  contains  beds  and 
veins  of  metallic  ores.  The  gradation  of  mica-slate  into  gneiss 
and  clay-slate,  and  the  transition  from  granite  to  mica-slate,  may 
be  distinctly  seen  in  some  of  the  rocks  near  Bray,  in  the  county 
of  Wicklow  in  Ireland.  I  have  observed  that  the  beds  of  mica- 
date  adjoining  the  granite  are  traversed  by  numerous  and  large 
seams  of  quartz  running  parallel  with  the  slaty  structure  of  the 
f  ock,  and  increasing  in  size  as  they  approach  the  granite.  The 
quartz  has  a  greasy  aspect,  and  is  evidently  of  cotemporaneous 
formation  with  the  mica-riate  aad  granite. 

Mica-slate  has  a  near  affinity  to  clay-slate ;  and  as  I  have  ar- 
ranged the  latter  with  rocks  of  the  second  class,  it  may  perhaps 
be  doubted  whether  mica-slate  shoidd  not  also  have  been  trans- 
ferred to  the  same  class.  No  well  characterized  rocks  of  mica- 
slate  of  «ny  extent  occur  in  England.  I  have  observed  a  mica- 
ceous rock,  which  may  be  considered  as  an  imperfect  kind  of 
mica-slate  near  the  granitic  rocks  of  Mount  Soar  Hill ;  but  it  was 
covered  by  wood,  which  concealed  its  junction  with  other  rocks. 
On  the  western  side  of  Anglesea,  near  Holyhead,  there  are  nu- 
merous rocks  of  an  intermediate  kind  between  mica-slate  and 
talcose-slate.  The  laminae  are  separated  by  very  thin  seams  of 
quartz ;  and  I  have  observed  some  of  them  bent  and  contorted 
in  various  directions,  as  is  not  unfirequently  the  case  with  mica- 
shite  in  other  districts 
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The  mica-slate  on  the  opposite  coast  of  Ireland,  near  Bray,  I 
am  inclined  to  consider  as  of  the  same  forniation  with  that  m 
AnglesecL  Probably  this  rock  stretches  under  the  Irish  Channel, 
of  which  it  may  form  the  bed  in  that  parallel  of  latitude.  The 
structure  of  both  rocks  is  the  same,  presenting  the  same  divisions 
by  thin  laminae  of  quartz ;  but  the  mica  of  Anglesea  is  more  com- 
bined with  talc.  Mica-slate  abounds  in  the  Highlands  of  Soot- 
land,  and  in  many  alpirie  districts  in  Europe,  particularly  in  the 
Pennine  Alps. 

Gneiss  and  mica-slate  are  nearly  allied  to  each  other  and  to 
granite.  Circumstances  attending  the  formation  of  granite  ^h 
pear  to  have  produced  a  different  arrangement  of  the  component 
ingredients.  This  is  the  more  probable,  as  both  gneiss  and  mi- 
ca-slate sometimes  graduate  into  granite,  and  have  at  other  times 
a  porphyritic  structure.  In  some  situations  the  causes  wlueh 
change  granite  into  gneiss  or  mica-slate  have  not  operated,  and 
we  find  neither  of  these  substances  separating  granite  firom  the 
rocks  of  the  next  class. 

Mica  is  nearly  allied  to  talc,  and  mica-slate  frequently  passes 
by  insensible  gradations  into  talc-slate  or  talcy  mica>slate:  a  con- 
siderable part  of  the  granite  of  Mont  Blanc  is  of  this  kind. 

Gneiss  and  mica-slate  being  nearly  similar  in  their  constitBent 
parts  and  geological  position, — most  of  the  metallic  ores  and 
minerals  that  occur  in  one  rock,  occur  also  in  the  other.  Crys- 
talline limestone,  hornblende,  talc,  and  serpentine,  more  fre- 
quently form  beds  in  mica-slate  than  in  gneiss.  The  waved 
structure  is  very  common  in  mica-slate,  and  the  beds  are  crfken 
most  singularly  bent  and  contorted. 

Crystalline  or  primary  limestone,  of  which  statuary  marble  is 
a  variety,  occurs  principally  forming  beds  in  primary  mountains; 
beds  of  this  mineral  occur  rarely  in  granite,  more  frequently  in 
gneiss,  but  are  most  common  in  mica-slate,  with  which  rock  it  is 
often  much  intermixed,  and  often  alternates  with  it  It  is  observ- 
ed  that  the  primary  limestone  in  granite  and  gneiss,  is  coarser 
grained  than  that  in  mica-slate  or  common  slate.  Primary  lime- 
stone is  often  much  intermixed  with  serpentine.     When  beds  of 
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primary  Umestone  occor  of  considerable  thickiiess,  they  some- 
times contain  veins  of  metallic  ores. 

Crystalline  or  primary  limestone  when  pore  is  composed  of  cal- 
careous earth,  which  scarcely  exists  as  a  component  part  of  gran* 
ite,  gneiss,  or  mica^slate.  No  organic  remains  are  found  in  the 
crystalline  limestone  in  primary  mountains ;  the  structure  is  gran- 
ular ;  the  white  variety  known  as  statuary  marble  resembles  fine 
loaf-sugar,  and  is  imperfectly  translucent ;  hence  it  has  been  call- 
ed by  the  French  chaux  carbonatee  saccaroide.  The  colour  of 
primary  limestone  is  sometimes  yellowish,  greenish,  or  inclining 
to  red.  From  a  mixture  of  mica  it  has  often  a  slaty  fracture  and 
divides  in  plates,  from  which  circumstance  it  has  been  described 
as  stratified, — a  term  not  applicable  to  rocks  that  are  granular 
and  purely  crystalline.  It  may  be  fiirther  deserving  notice,  that 
primary  limestone  or  statuary  marble  firequently  contains  a  con- 
siderable quantity  of  siliceous  earth,  to  which  it  owes  its  hardness 
and  durability.  White  crystalline  statuary  marble  occurs  in  the 
Isle  of  Sky,  one  of  the  Hebrides,  and  many  rocks  of  crystalline 
marble  intermixed  with  mica-slate  and  serpentine,  are  found  in 
diflferent  parts  of  Scotland.  Neither  in  England  nor  Wales  have 
any  rocks  of  limestone  been  found  which  possess  the  crystalline 
translucent  qualities  of  statuary  marble,  though  very  beautiful 
marbles  occur  which  will  receive  a  high  polish ;  these  belong  to 
the  limestone  which  will  be  described  in  the  following  chapter. 

White  marble  is  procured  fi'om  Italy,  Switzerland,  and  the 
Grecian  Archipelago.  Primary  limestone  exists  in  beds  of  great- 
er or  less  magnitude,  which  are  sometimes  so  thick  as  to  form  en- 
tire mountains.  It  was  once  supposed  that  all  calcareous  rocks 
and  strata  are  composed  of  the  shells  of  marine  animals,  and  it 
cannot  be  doubted  that  many  of  them  are  entirely  formed  of  these 
organic  remains :  but  in  the  beds  of  primary  limestone,  and  even 
in  some  of  the  secondary  limestones,  no  vestiges  of  such  remains 
occur.  It  may  be  said  that  the  process  by  which  primary  lime- 
stone was  crystallized,  destroyed  all  traces  of  organization ;  and 
though  it  would  be  impossible  to  disprove  this,  yet  there  is  no  rea- 
son to  believe  that  lime  may  not  exist  as  an  elementary  earth,  like 
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silex  or  alumine,  independent  of  the  operations  of  animal  life.  Il 
does  so  exist  as  a  component  part  of  many  minerals,  and  it  maj 
have  existed  in  sufficient  quantity,  to  form  the  mountains  of  pri- 
mary limestone. 

It  is  however  a  curious  but  undoubted  fact,  that  no  inconsider- 
able portion  of  the  carth^s  surface  has  been  formed  by  oi;gamc 
secretion,  and  the  process  is  still  going  on  rapidly  and  extensive* 
ly  in  the  Southern  Ocean.     According  to  the  observations  of 
voyagers,  islands  and  reefs  of  coral  rocks  are  raised  from  vast 
depths  in  the  course  of  a  few  years.     Thus,  millions  of  minute 
marine  polypi  are  preparing  future  abodes  for  other  classes  of 
animals  of  larger  size,  and  living  in  another  element.     From 
whence  do  these  innumerable  zoophytes  and  moluscous  animab 
procure  the  lime  which,  mixed  with  a  small  portion  of  animal 
matter,  forms  the  solid  covering  by  which  they  are  protected  ? 
Have  they  the  power  of  separating  it  from  other  substances,  or 
the  still  more  extraordinary  faculty  of  producing  it  from  simple 
elements  7    The  latter  I  consider  as  more  probable  ;  for  the  pol- 
ypi which  accumulate  rocks  of  coral  from  unfathomable  depths 
have  no  power  of  locomotion ;  their  growth  is  rapid,  and  the 
quantity  of  calcareous  matter  they  produce  in  a  short  spsce  of 
time,  can  scarcely  be  supposed  to  exist  in  the  waters  of  the  ocean 
to  which  they  have  access,  as  sea-water  contains  but  a  minute 
portion  of  lime. 

It  is  now  ascertained  that  lime  and  the  other  earths  are  com- 
pounds of  oxygen  united  with  metallic  bases ;  and  the  brilliant 
discoveries  of  Sir  H.  Davy  respecting  the  metallic  nature  of  am- 
monia, would  lead  to  the  conclusion  that  the  metallic  bases  of 
all  the  alkalies  and  alkaline  earths,  which  have  many  properties 
in  common,  may  like  ammonia,  be  compounds  of  hydrogen  and 
azote,  but  differently  combined.  Now  it  is  well  known  that  hy- 
drogen and  azote,  which  exist  as  elementary  constituent  parts  of 
almost  all  animal  substances,  may  be  derived  from  water  and  the 
atmosphere ;  and  should  the  compound  nature  of  the  metallic 
bases  of  the  earths  be  ascertained,  the  formation  of  lime  by  ani- 
mal secretion,  will  admit  of  an  easy  explanation. 
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Serpentine  derives  its  name  from  its  variegated  colours  and 
spots  supposed  to  resemble  the  serpent^s  skin :  its  chemical  com- 
position has  been  before  described.  The  colours  are  most  gen- 
erally various  shades  of  light  and  dark  green  which  are  intermixt 
in  spots  and  clouds ;  some  varieties  are  red.  When  fresh  broken 
it  has  some  degree  of  lustre,  and  a  slightly  unctuous  feel ;  when 
pounded,  the  powder  feels  soapy.  It  is  harder  than  limestone, 
but  yields  to  the  point  of  a  knife,  and  will  receive  a  very  high 
polish.  When  serpentine  is  found  intermixt  with  patches  of 
crystalline  white  marble,  it  constitutes  a  stone  denominated  verde- 
antique,  which  is  highly  valued  for  ornamental  sculpture.  Some 
varieties  of  serpentine  are  translucent,  in  others  there  is  an  ap- 
pearance of  crystallization,  forming  a  mineral  called  diallage 
or  schiller-spar.  The  minerals  associated  with  serpentine  are 
generally  those  allied  to  talc.  Compound  rocks  in  which  talc  and 
hornblende  are  predominating  ingredients,  pass  into  serpentine. 
Magnesia  enters  largely  into  the  composition  of  these  rocks.  A 
late  analysis  of  one  kind  of  serpentine,  gave  48  per  cent  of  this 
earth.  Serpentine  occurs  chiefly  in  gneiss  and  mica-slate,  in  beds 
which  are  frequently  so  thick  as  to  compose  mountain  masses  of 
considerable  height.  Serpentine  sometimes  becomes  magnetic, 
from  an  intimate  intermixture  with  minute  particles  of  magnetic 
iron  stone.  Many  of  the  alpine  districts  in  Europe  contain  rocks 
and  beds  of  serpentine ;  but  according  to  Patrin,  there  is  no  ser- 
pentine in  Northern  Asia,  nor  was  it  seen  by  Humboldt  in  the 
Andes ;  but  it  is  not  uncommon  in  the  United  States  of  North 
America.  In  the  Alps  it  is  observed  that  the  rocks  of  serpentine 
lie  principally  on  that  side  which  faces  Italy  and  the  coast  of  Ge- 
noa. There  is  a  soft  kind  of  serpentine,  sufliciently  tenacious 
to  be  turned  in  a  lathe  into  vessels  of  any  shape,  which  resist  the 
action  of  fire :  hence  they  are  used  for  culinary  and  other  purpo- 
ses in  some  parts  of  Switzerland,  in  Lombardy,  and  even  in  High- 
er Egypt.  The  use  of  this  stone  is  of  great  antiquity  being  dis- 
tinctly mentioned  by  Pliny ;  it  is  called  lapis  ollaris^  or  pot-stone. 

In  Cornwall  serpentine  occurs  with  a  micaceous  rock  lying 
over  granite,  and  forms  part  of  the  promontory  called  the  Lizard 
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Point,  and  it  occurs  again  on  the  eastern  side  of  the  same  county 
at  Liskeard.  It  is  not  met  with  in  any  other  part  of  England 
that  I  know  of;  but  I  have  observed  rocks  approaching  the  na- 
ture of  serpentine  in  Charnwood  Forest,  and  in  the  county  of 
Radnor  in  Wales. 

Beautiful  varieties  of  red  and  green  serpentine  occur  in  the 
Isle  of  Anglesea,  about  six  miles  from  the  Paris  copper-minoi 
It  is  found  in  beds  of  great  thickness  associated  with  the  com- 
mon slate-rocks  of  the  district,  which  approach  in  their  nature 
to  talcous  slate:  asbestus  lies  in  considerable  quantities  in  the 
partings  between  the  beds  of  serpentine. 

Some  of  the  specimens  of  this  serpentine  have  the  characteif 
of  the  precious  or  noble  serpentine ;  the  colours  are  principally 
dark  green,  intermixt  with  spots  and  clouds  of  lighter  green  and 
shining  lamina;  of  schillcr-spar  or  crystallized  serpentine.  The 
fracture  is  conchoidal,  and  it  is  translucent  at  the  edges.  It  re- 
sists the  point  of  a  copper  or  brass  tool,  and  breaks  with  great 
difficulty.  Some  varieties  contain  crystalline  limestone,  but  in 
smaller  patches  than  in  the  Italian  verde-antique ;  occasional 
stripes  and  spots  of  steatite,  asbest,  and  quartz,  occur  in  it  The 
rod  is  sometimes  intermixed  with  a  great  variety  of  other  rich 
colours  in  the  same  stone,  as  black,  white,  greenish  white,  and 
dark  green.  It  may  be  considered  as  a  valuable  stone  for  pur- 
poses of  ornamental  architecture,  for  in  beauty  and  durability  it 
is  not  exceeded  by  the  costly  marbles  of  Greece  or  Italy. 

By  a  mixture  of  serpentine  with  talc  or  steatite,  serpentine  be- 
comes soft  and  sectile,and  forms  the  mineral  called  potstone  befioie 
mentioned.  A  different  combination  of  crystallized  serpentine 
(diallage)  with  jade  or  felspar,  forms  one  of  the  hardest  and  heavi- 
est of  known  rocks.  It  was  first  noticed  by  Saussure  in  roun- 
ded pieces  and  loose  blocks,  scattered  over  several  parts  of 
the  valley  near  the  Lake  of  Geneva ;  to  this  mineral  the  name 
of  Saussurite  has  been  given.  It  is  much  harder  than  quarti, 
and  its  specific  gravity  is  3'35 :  the  colour  generally  inclines  to 
green.  For  a  considerable  time  it  was  unknown  where  this  rock 
occurred  in  situ ;  it  has  since  been  discovered  in  immense  bedst 
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associated  with  serpentine,  in  the  valley  of  Sass  in  the  Hant  Va- 
lois.  Beds  of  the  same  rock  occur  on  the  southern  ride  of  the 
Alps  and  in  the  Appennines.  A  very  interesting  description  of 
the  Saussurite  and  serpentine  of  the  Appennines  has  been  pub- 
lished by  M.  Brongniart,  entided  Sur  le  Gisement  oti  Position  rt" 
huive  des  Ophiolites^  Euphotides  et  Jcupes^  dans  quelques  Par- 
ties des  Appenins,*  In  these  mountains,  the  serpentine  rests 
upon  saussurite,  the  saussurite,  on  strata  of  jasper,  and  the  lat- 
ter on  transition  or  secondary  limestone.  This  position  is  remark- 
able, for  geologists  had  generally  supposed  that  all  serpentines 
were  more  ancient  than  the  secondary  rocks. 

Hornblende  rock  and  Hornblende  slate. — ^This  mineral  has  been 
described  Chap.  III.  When  it  forms  the  principal  parts  of  rocks, 
the  colour  is  commonly  a  greenish  black.  Massive  hornblende 
in  rocks  is  generally  coarsely  granular  and  lamellar ;  in  horn- 
blende slate  it  is  frequently  radiated  or  fibrous,  and  when  the  fi- 
bres are  very  minute  it  has  a  velvet-like  lustre.  Hornblende  slate 
occurs  in  beds  in  granite,  gneiss,  and  mica-slate,  and  occasionaUy 
in  common  slate  it  appears  to  pass  by  gradation  into  serpentine ; 
the  change  is  effected  by  an  increase  of  magnesia,  which  forms 
one  of  the  constituent  parts  of  hornblende. 

Hornblende  in  large  lamellar  grains,  intermixed  with  felspar, 
forms  sienite,  which  it  was  remarked  in  the  last  chapter  is  not 
unfrequently  associated  with  granite:  the  passage  of  one  rock 
into  the  other  by  the  increase  or  decrease  of  felspar,  may  fi'e- 
quently  be  observed  in  the  same  mountain.  When  hornblende 
and  felspar  are  more  intimately  blended,  they  form  the  rock  call- 
ed by  the  Germans  Green  stone^  by  the  French  Diabase  ;  and 
with  other  rocks  of  similar  composition  are  fi'equently  described 
as  trap-rocks,  and  by  the  French  as  r aches  amphiboliques :  these 
will  be  more  properly  noticed  in  the  subsequent  chapters.  When 
the  hornblende  and  felspar  are  so  closely  and  minutely  intermixed 

*  It  is  to  be  regretted  that  so  excellent  an  observer  and  mineralogist  ar  M.  Brong- 
niart,  who  is  so  justly  eminent  for  his  scientific  labours,  should  have  thought  it  neces- 
sary to  burden  Geology  with  two  additional  new  names.  Seipentine  be  has  dcoom' 
inated  ophioKte,  and  saussarite  etfhoHde, 
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that  the  rock  appears  homogeneous,  the  trap  has  all  the  external 
character  of  a  rock  (hereafter  to  be  more  fully  described)  called 
Basalt.*  In  examining  the  geological  specimens  of  Saussure  in 
the  museum  at  Geneva,  I  observed  that  the  rocks  which  he  so 
frequently  mentions  under  the  name  of  Comeene^  ere  mixtures 
of  hornblende  and  felspar,  in  which  the  former  mineral  predom- 
inates. 

Hornblende  intermixed  with  felspar,  forming  sienite  and  green* 
stone,  occurs  at  the  Malvern  Hills  in  Worcestershire,  at  the 
Charnwood  Forest  hills  in  Leicestershire,  and  in  Cornwall,  Cum- 
berland, and  North  and  South  Wales.  Very  little  well  charac- 
terized hornblende  slate  is  found  in  any  part  of  England,  bAt  it 
occurs  abundantly  in  the  alpine  parts  of  Scotland,  and  in  most  of 
the  principal  mountain  ranges  in  Europe.  The  various  intermix- 
tures of  hornblende  and  felspar,  to  which  the  name  of  triip-rocks 
is  frequently  given,  may  more  properly  be  classed  with  transition 
rocks. 

Porphyry  derives  its  name  from  a  Greek  word  denoting pwrple ^ 
the  rock  to  which  it  was  at  first  applied  had  a  purple  colour.  Ill 
the  modern  acceptation  of  the  term,  any  rock  which  is  Compact 
or  finely  granular,  and  contains  distinct  imbedded  crystals,  is  call- 
ed Porphyry,  whatever  be  its  colour.  The  base  or  paste  of  most 
porphyritic  rocks  is  felspar ;  and  the  imbedded  crystals  are  also 
felspar,  thotigh  there  may  be  also  small  grains  or  crystals  of  oth^r 


■If  • 


*  The  rock  to  which  the  French  give  the  name  of  Diahase,  tiie  compact  tnp  of 
Werner,  resembles  basalt  (which  the  French  call  Dolerite)  so  closely  both  in  oob- 
position  and  physical  characters,  that  the  division  into  two  species  seems  principtl]^ 
made  to  serve  -the  purpose  of  theory.  Diabase  is  composed  of  felspar  and  hornblende, 
and  dolerite  of  feliq>ar  and  augite  intimately  combined.  But  as  hornblende  and  an- 
gite  ^o  not  difler  more  hi  cTiemical  composition,  than  one  species  of  homMeiide  AT- 
fers  from  another,  and  as  these  two  minerals  are  to  be  distinguished  only  by  their 
crystallization ;  when  they  occur  uncrystallized,  may  they  not  be  regarded  as  iden- 
tical ?  It  is  true,  augite  occurs  abundantly  in  rocks  of  undoubted  igneous  origin  and 
in  the  lavas  of  recent  volcanos ;  hornblende  occurs  also  in  basaltic  lavas,  but  more 
frequently  in  rocks  of  which  the  igneous  origin  is  not  generally  admitted ;  yet  it 
may  be  fairly  doubted,  whether  the  distinction  between  compact  diabase,  and  com- 
pact dolerite,  has  not  been  made  in  order  to  form  gratuitous  conclusions  respectiaf 
die  different  origin  of  rocks,  which  are  in  cheo^)^  composition  and  external  char- 
acter essentially  the  same. 
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minerals.  It  has  been  stated  in  the  preceding  chapter,  that  gran- 
ite, by  becoming  finer  grained,  frequently  passes  to  the  state  of 
porphyry.  The  euriie  of  the  French  geologists,  and  the  weiss- 
stein  or  white  stone  of  Werner,  is  a  granite  in  which  the  felspar 
is  the  principal  constituent  part,  and  is  either  finely  granular  or 
nearly  compact.  To  this  variety  English  geologists  give  the 
name  of  compact  felspar :  the  white  elvan  of  the  Cornish  miners 
is  aporphyritic  Qurite. 

Geologists  have  described  four  formations  of  porphyry,  but  it 
is  generally  agreed  that  there  is  much  uncertainty  with  respect  to 
the  situation  of  these  formations.  The  porphyry  which  occurs 
imbedded  in  granite,  or  which  appears  to  be  formed  by  a  change 
of  structure  in  that  rock,  may  properly  be  classed  with  primary 
rocks :  it  is  not  considered  to  be  an  extensive  formation ;  the 
white  elvan  of  Cornwall,  and  probably  the  porphyry  associated 
with  mica-slate  in  Argyleshire,  belong  to  this  formation.  Porphy- 
ry also  occurs  in  enormous  masses  covering  both  primary  and 
transition  rocks  unconformably ;  but  this  porphyry  belongs  more 
properly  to  transition  rocks,  and  will  be  described  with  them  in 
the  following  chapters.  Porphyry  is  sometimes  a  volcanic  rock, 
and  appears  to  form  the  connecting  gradation  between  granitic 
rocks,  and  those  of  igneous  origin. 

Before  taking  leave  of  the  rocks  classed  as  Primary,  it  may  be 
proper  to  notice  that  some  of  the  rocks  associated  with  granite, 
gneiss,  and  mica-slate,  occur  also  in  the  transition  class,  and  even 
in  the  lower  secondary  strata.  The  same  causes  by  which  they 
were  formed  among  primary  rocks,  have  also  operated  at  a  later 
period :  indeed  one  of  the  well  known  rocks,  limestone,  has  been 
deposited  or  formed  in  all  the  difierent  classes  of  rocks  except  the 
volcanic,  and  must  therefore  receive  its  name  fi'om  the  class  with 
which  it  is  associated ;  as  primary  limestone,  transition  limestone, 
&c.  In  some  instances  the  mineral  characters,  or  the  fossils, 
serve  to  distinguish  rocks  of  the  same  kind,  that  occur  in  the  dif- 
ferent classes  or  formations :  thus  the  rocks  associated  with  pri- 
mary rocks  are  generally  harder  and  more  crystalline  than  the 
'  same  species  of  rock  whkh  occurs  in  the  secondary  class ;  but 
this  is  hot  invariably  tbci^sase. 


CHAPTER  Vir. 

ON  TRANSITION  OR  INTERMEDIATE  ROCKS. 

Character  and  Classification  of  Transition  Rocks. — Slate ;  the  Clay-slate  <if  Wemerd— 
Roof  Slate,  its  Cleavage  not  the  Effect  of  Stratification,  but  of  Crystmllizatioii. — 
Talcous  Slate. — Whet-stone  Slate. — Flinty  Slate. — Greyiracke  and  Grejnnrmcke 
Slate,  its  Passage  into  Red  Sandstone  and  Gritstone. — Errors  of  Engliafa  and 
Foreign  Geologists  respecting  the  Old  Red  Sandstone  asd  Mountain  Lunertuac.— - 
CHd  Red  Sandstone.-;— Transition  Limestone. — Transition  Limestone  of  DeroiMhiic, 
and  Dudley  in  Stafibrdshire. — Upper  Transition  or  Mountain  LimestDDe. — ^It» 
Connection  with  Coal  Strata. — Obser^-ations  on  the  Fossils  in  Tranaition  ^ocks. 

Transition  or  intermediate  rocks  cover  rocks  of  the  primarj 
class,  and  arc  distinguished  as  the  lowest  rocks  in  which  the  fogsfl 
remains  of  animals  or  vegetables  are  found  ;  they  may  be  regard- 
ed as  the  most  ancient  records  of  our  globe,  imprinted  with  the 
natural  history  of  its  earliest  inhabitants. 

Transition  rocks  are  the  principal  repositories  of  metallic  ores, 
which  occur  (both  in  veins  and  beds)  more  abundantly  in  many 
of  the  rocks  of  this  class,  than  in  primary  rocks.  Metallic  veins 
very  rarely  occur  in  the  secondary  strata. 

Geologists  have  oflen  been  perplexed  in  their  attempts  to  draw 
a  well  marked  line  of  distinction  between  primary  and  transitioD 
rocks :  the  difTiculty  has  arisen  chiefly  from  their  arranging  slate 
with  the  primary  class ;  and  hence  the  disciples  of  Werner  have 
been  obliged  to  introduce  the  theoretical  terms  of  newer  and  ol- 
der primary  slate,  and  newer  and  older  transition  slate,  Jtc.  If 
the  occurrence  of  organic  remains  in  rocks  be  the  characteristic 
distinction  between  the  primary  and  transition  class,  slate  must 
certainly  be  classed  with  the  latter ;  for  it  is  among  slate  rocks 
that  the  fossilized  remains  of  animals  and  vegetables  first  appear, 
in  every  country,  that  has  yet  been  examined.  One  of  the  disci- 
ples of  Werner,  M.  D^Aubuisson,  admits  that  there  is  no  where 
any  extensive  formation  of  primary  slate.  M.  Bonnard  another 
disciple  of  the  same  school,  in  his  Appergu  Geognostique  det 
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Terrains^  after  enninerating  various  primary  slate  rocks,  candidly 
acknowledges  that  it  is  doubtful  whether  primary  slate  can  any 
where  be  found.  It  is  true,  that  mica-slate  passes  by  almost  im  < 
perceptible  gradations  into  common  slate ;  but  here  as  in  other 
in<(tances,  we  only  find  that  Nature  is  not  limited  by  the  artificial 
arrangements  of  the  geologist :  yet  so  long  as  it  may  be  proper 
to  class  rocks  containing  organic  remains,  with  transition  rocks, 
we  must  place  slate  among  them.  Nor  can  this  be  invalidated 
by  the  fact,  that  in  some  slate  rocks  no  vestiges  of  animal  or  veg- 
etable remains  occur ;  for  among  the  secondary  strata,  aboun- 
ding in  such  remains,  we  often  meet  with  alternating  beds,  in 
which  they  are  never  found ;  but  we  do  not  on  that  account 
class  them  with  primary  rocks.  In  arranging  transition  rocks,  I 
most  decidedly  place  the  English  mountain  limestones  among 
them,  as  I  have  done  in  the  former  editions  of  this  work.  I 
know  no  circumstance  in  Geology  that  evinces  more  strongly  the 
tenacity  with  which  errors  are  cherished,  when  they  have  been 
some  time  entertained,  than  the  determination  of  English  geolo- 
gists to  separate  mountain  limestone  from  transition  limestone, 
— in  opposition  to  analogy,  and  to  the  universal  opinion  of  geol- 
ogists-on  the  continent.  This  separation  as  a  mere  matter  of 
classification,  would  be  in  itself  of  little  importance ;  but  it  has 
tended  more  than  any  other  circumstance  to  perplex  both  for- 
eign and  English  geologists,  in  their  attempts  to  assimilate  the 
rock  formations  of  England,  with  those  on  the  continent  of 
Europe. 

When  a  general  attention  was  first  excited  in  this  country  to 
the  study  of  Geology,  access  to  the  continent  was  extremly  diffi- 
cult, and  we  were  left  to  explore  as  well  as  we  could  the  geology 
of  our  own  island,  enlightened  only  by  the  dark-lantern  of  Ger- 
man Geognosy.  Many  characters  were  given  of  transition  rocks, 
and  floetz  or  parallel  rocks,  founded  on  local  observations  in  Ger- 
many, which  did 'not  apply  to  the  rocks  in  other  countries  :  it  was 
found  that  the  characters  of  our  metalliferous  limestone  did  not 
agree  very  well  with  either,  and  therefore  English  geologists  have 
retained  the  name  of  mountain  limestone,  and  the  appellation 
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of  transition  limestone  was  restricted  to  a  lower  bedt  sm^  io 
extent,  and  comparatively  unimportant  When  I  fkst  visited  the 
continent)  and  examined  the  cabinets  of  some  eminent  geoJogistB, 
I  was  particularly  struck  with  finding  the  anaiogue$  of  our  prin- 
cipal beds  of  mountain  limestone  exhibited  as  types  of  true  tran- 
sition limestone.  On  my  return  to  Paris  the  following  year,  I 
took  specimens  of  our  mountain  limestone  from  Derbyshire, 
Westmoreland,  Somersetshire,  and  Wales ;  and  also  of  the  low** 
er  limestones,  from  Shropshire  and  Devonshire,  and  presented 
them  to  Messrs.  Brongniart  and  Brochant.  The  whole  of  the 
specimens  they  recognized  as  transition  limestones,  and  selected 
the  encrinal  and  dark  madrepore  mountain  limestone,  as  the  tnie 
types  par  excellence — des  Calcaires  de  Transition. 

The  following  arrangement  of  transition  rocks,  comprises  the 
lowest  rocks  in  which  organic  remains  occur,  and  those  which 
are  metalliferous,  or  are  associated  with  metalliferous  rocks. 

Transition  Class 

(conformable.) 

1 .  Slate,  including  flinty  slate  and  other  varieties. 

2.  Grey  wackc  and  grey  wacke  slate,  passing  into  old  red  sand- 
stone. 

3.  Transition  limestone.     Mountain  limestone. 

Rock  covering  Transition  Rocks  (unconformably.) 

4.  Porphyry,  passing  into  trap  or  greenstone. 

5.  Clink-stone  passing  into  basalt. 

6.  Basalt. 

Slate — of  which  roof-slate  is  a  well  known  variety — is  called 
by  the  Germans  Thon  sckeiffer  or  clay  slate  ;  by  ancient  English 
geologists^  argillaceous  schistus ;  by  the  modern  French,  Phyl- 
lade.  The  term  slate  is  perhaps  the  most  proper  that  can  be 
used  to  designate  this  rock ;  as  the  best  variety  of  it.  Roof-slate, 
is  well  known..  Clay-slate  is  a  name  given  from  an  erroneous 
opinion  respecting  its  constituent  parts ;  and  the  term  is  liable  to 
create  much  confusion,  as  the  softer  kind  of  slate  in  the  coal  stra- 
ta is  called  slate-clay.    I  shall  therefore  throughout  the  present 
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volume  substitute  the  term  sUxie  for  clay-slate,  and  for  slate-clay 
the  more  intelligible  English  term  shale. 

Slate  rocks  abound  in  most  alpine  districta,  resting  either  on 
granite,  gneiss,  or  mica-slate.  That  slate  which  lies  nearest  the 
primary  rocks  has  a  more  shining  lustre  than  the  other,  and  par* 
takes  more  of  the  crystalline  quality  of  mica-slate.  As  this  rock 
recedes  from  the  primary,  its  texture  is  generally  more  earthy. 
Its  colours  are  various  shades  of  gray,  inclining  to  blue,  green, 
purple,  and  red.  Some  kinds  of  slate  split  into  thin  lamins, 
which  are  well  known  as  foi'ming  roof-slates.  Slate  rocks  are 
commonly  divided  into  beds  of  various  degrees  of  thickness, 
which  generally  are  much  elevated,  and  from  the  natural  divis- 
ions of  the  rock,  they  often  form  peaked  and  serrated  mountains. 

Slate  has  been  described  by  former  geolc^ists  as  distinctly 
stratified,  because  it  splits  easily  into  thin  laminse,  and  the  direc« 
tion  of  the  laminse  is  asserted  to  be  in  the  direction  of  the  beds : 
but  in  opposition  to  the  authority  of  many  eminent  geologists,  I 
maintain  that  slate,  unless  it  be  of  a  soft  or  coarse  kind  approach- 
ing to  shale  or  greywacke,  invariably  splits  in  a  transverse  direc- 
tion to  that  of  the  beds,  making  with  that  direction  an  angle  of 
'about  sixty  degrees ;  it  has  frequently  two  distinct  cleavages. 

Few  persons  have  perhaps  examined  more  slate  rocks,  or- con- 
sulted more  workers  in  slate  quarries  than  I  have ;  and  the  fact 
respecting  its  cleavage  is  invariably  what  is  here  stated,  except 
in  very  coarse  greywacke  slate,  and  soft  slate  or  shale. 

Slate  rocks  vary  much  in  quality  in  the  same  mountain  ;  those 
which  contain  a  great  quantity  of  siliceous  earth  pass  into  flinty 
slate.  When  magnesia  enters  largely  into  the  composition  of 
slate  rocks,  they  are  distinguished  by  their  green  colour,  and  pass 
into  chlorite,  or  talcy  slate.  Whetstone  slate,  or  hone,  is  a  va- 
riety of  talcy  slate,  containing  particles  of  quartz ;  when  these 
particles  are  extremely  minute,  and  the  slate  has  a  uniform  con- 
tsistence  and  requisite  degree  of  hardness,  it  forms  hones  of  the 
best  quality.  Carbonaceous  matter  is  first  discovered  in  slate 
rocks,  and  increases  in  quantity,  as  ihey  approach  the  secon- 
dary strata.     Drawing-slate  is  stated  to  contain  1 1  per  cent  of 
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carbon ;  where  tiie  carbon  is  very  abundant,  the  slate  has  s 
dark  colour,  and  is  generally  soft  Impressions  of  vegetable* 
are  found  in  some  slate  rocks  that  were  formerly  regarded  as 
primary ;  the  slate  rocks  in  the  vicinity  of  Mont  Blanc,  and  Mont 
Cenis,  contain  impressions  of  ferns. 

That  fine  variety  of  slate  which  is  used  for  roof-slate,  seldoiB 
forms  entire  mountains,  but  is  generally  imbedded  in  slate  rocks 
of  a  coarser  kind :  the  beds  of  roof-slate  are  sometimes  of  con- 
siderable thickness,  and  generally  rise  at  an  elevated  angle.  If 
geologists  had  not  been  induced,  by  an  attachment  to  theory, 
pertinaciously  to  adhere  to  opinions  once  received,  they  could 
not  have  failed  to  recognise  the  effect  of  crystallization  in  the 
cleavage  of  slate,  as  evidently  as  in  the  laminar  divisions  of  felspar. 

Those  varieties  of  roof-slate  arc  preferred  for  the  covering  of 
buildings,  which  have  the  smoothest  surface  and  split  into  the 
thinnest  plates ;  they  are,  however,  frequently  made  too  thin  to 
be  durable,  cmd  too  light  to  resist  the  force  of  the  wind  during 
storms. 

Quarries  of  slate  are  worked  extensively  in  Westmorelandr 
Yorkshire,  Leicestershire,  North  Wales,  Cornwall,  and  Devon-  ^ 
shire.     The  foreign  localities  of  slate  are  so  numerous,  it  would 
be  superfluous  to  name  them. 

Mountains  of  slate  are  seldom  so  precipitous  as  those  of  gran- 
ite ;  they  are  covered  with  verdure  on  their  declivities,  as  they 
contain  less  silex  and  a  more  equal  admixture  of  the  earths  fe- 
vourable  to  vegetation. 

Flinty  slate,  as  before  observed,  differs  from  common  slate  by 
containing  a  greater  quantity  of  siliceous  earth ;  and,  as  its  name 
implies,  it  partakes  of  the  nature  of  flint.  Slate  and  flinty  slate 
not  only  pass  into  each  other,  but  frequently  alternate.  When 
the  latter  ceases  to  have  the  slaty  structure,  it  becomes  hornstonet 
or  what  the  French  denominate  petro-silex.  If  it  contain  crys- 
tals of  felspar,  it  becomes  hornstone  porphyry ;  all  these  varie- 
ties may  be  observed  alternating  with  each  other  in  the  same 
rocks  in  Charnwood  Forest,  and  in  North  Wales  and  Cumberland. 
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Slate  is  regarded  as  one  of  the  most  metalliferous  rocks:  near- 
y  all  the  principal  metallic  ores  have  been  found  in  slate,  either 
in  veins  or  beds ;  but  it  is  remarkable  that  flinty  slate  seldom  con- 
tains any  repositories  of  metallic  matter.  Lead  and  copper  are 
the  principal  metals  found  in  the  slate  rocks  of  England  and 
Wales ;  they  are  not  so  rich  in  lead  as  the  mountain  limestone^ 
but  the  lead  ore  in  slate  rocks  contains  a  larger  portion  of  silver. 

Greywacke  and  Ghreywacke  SUUe;  German  Gramoacki. — 
This  dissonant  term,  which  we  have  borrowed  from  the  German, 
the  French  geologists  have  exchanged  for  a  name  not  more  har- 
monious, though  more  expressive,  Trcaxmale^  from  the  Greek 
Thrausma  a  fragment. 

Greywacke  in  its  most  common  form  may  be  described  as  a 
coarse  slate  containing  particles  or  fragments  of  other  rocks  or 
minerals  varying  in  size  from  two  or  more  inches,  to  the  smallest 
grain  that  can  be  perceived  by  the  eye.  When  the  imbedded 
particles  become  extremely-  minute,  greywacke  passes  into  slate. 
When  the  particles  and  fragments  are  numerous,  and  the  slate  in 
which  they  are  cemented  can  scarcely  be  perceived,  greywacke 
becomes  coarse  sandstone  or  gritstone.  When  the  fragments 
are  larger  and  angular,  greywacke  might  be  described  as  a  brec* 
cia  with  &  paste  of  slate.  When  the  fragments  are  rounded,  it 
might  not  improperly  be  called  an  ancient  puddingstone.  When 
rocks  of  greywacke  have  a  slaty  structure,  they  form  greywacke 
slate. 

Greywacke  has  by  some  of  the  French  geologists  been  descri- 
bed as  a  transition  sandstone,  with  a  cement  either  of  siliceous 
earth,  or  of  slate.  This  definition  agrees  with  the  gritstones  as- 
sociated with  the  upper  transition  or  mountain  limestone.  Where 
the  paste  is  hcgrd  and  siliceous,  as  I  have  observed  in  the  greywacke 
of  Savoy  that  separates  the  primary  from  the  secondary  rocks, 
many  of  the  siliceous  particles  may  have  been  original  concre- 
tions, formed  at  the  same  time  as  the  paste;  and  where  these  con- 
cretions are  all  composed  of  quartz,  we  may  infer  that  such  has 
been  their  mode  of  formation.  In  other  instances,  the  fragments 
are  evidently  the  debris  of  more  ancient  rocks,  that  have  been 


98  OLD  RED  SANDSTONE  IS  A  MODE  OF  GBEYWACKC 

broken  down  by  some  great  catastrophe,  and  miied  with  more 
recent  beds  at  the  period  when  they  were  forming.  This  mode 
of  formation  implies,  that  a  considerable  period  elapsed  b^tweeo 
the  formation  of  the  primary  and  secondary  rocks.  The  frag- 
ments are  always  those  of  lower  rocks,  and  never  of  the  upper 
strata.  In  some  situations  immense  beds  of  loose  conglomermter 
composed  of  large  fragments  and  boulders  of  the  lower  rocki, 
separate  the  slate  rocks  from  the  calcareous  formations:  such  con* 
glomerates  may  be  regarded  as  occupying  the  geological  place 
of  grey  wacke,  and  belonging  to  the  grey  wacke  formation. 

The  old  red  sandstone,  about  which  so  much  has  been  writtea 
and  so  little  understood,  is  a  greywacke  coloured  red  by  the  ac^ 
cidcntal  admixture  of  oxide  of  iron.     In  Monmouthshire,  the  re- 
lations of  red  sandstone  with  greywacke,  and  the  passage  of  one 
rock  into  the  other,  may  be  distinctly  observed  ;  the  connection 
also  with  the  lower  gritstone,  under  the  mountain  limestone,  may 
be  plainly  traced.   Here  then  we  have  the  mountain  limestone  with 
its  alternating;  beds  of  grit,  the  red  sandstone  and  the  greyvracke, 
evidently  members  of  the  same  formation;  and  to  make  thecoD- 
nection  more  complete,  the  red  sandstone  contains  beds  of  lime- 
stone, which  form  the  link  between  the  lower  transition  and  die 
upper  transition  limestones.     This  limestone  is  imperfect,  being 
intermixed  with  siliceous  particles ;  it  is  of  a  greenish  colour,  and 
hence  called  Gooseberry  limestone.     The  red  sandstone  also  pas- 
ses into  clay  stone,  as  well  characterized  as  that  of  the  Pentland 
hills.* 

The  old  red  sandstone  possesses  all  the  mineral  characters  of 
greywacke  except  the  colour,  which  is  a  quality  that  can  never 
be  considered  of  importance,  being  derived  chiefly  from  local  or 
accidental  causes.  The  old  red  sandstone  also  occupies  the  ge- 
ological position  of  greywacke  and  greywacke  slate,  into  which 
it  passes  merely  by  a  change  of  colour.     The  principal  reason 


*  From  the  quantity  of  oxide  of  iron  and  of  red  marie  in  some  beds  of  the  old  red 
sandftone,  and  from  its  passage  into  clay -stone,  I  am  inclined  to  beBere  tlist  the  red 
sandstone  of  Monmouthshire  has  been  formed  partly  by  the  decompoaitloa  of  ib  an- 
cient basaltic  formation,  which  hasbecame  intermixed  with  greywacke. 
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why  it  has  not  been  generally  recognized  as  belonging  to  the  grey- 
wacke  formation  is,  that  it  has  frequently  been  confounded  with 
the  red  sandstone  above  the  coal  formation :  they  greatly  resem- 
ble each  other,  and  it  is  not  yet  clearly  ascertained,  whether  the 
red  sandstone  in  some  parts  of  England  be  the  old  red  sandstone 
or  the  new.  Until  English  geologists  shall  renounce  their  preju- 
dices, and  place  the  old  red  sandstone  and  mountain  limestone 
in  the  Transition  Class,  as  gre]rwacke,  and  transition  limestone, 
every  attempt  will  be  vain  to  identify  this  part  of  the  geology  of 
England  with  that  of  the  Continent :  particularly  as  the  Alpine 
limestone  of  foreign  geologists,  is  a  very  different  formation  from 
the  transition  limestone,  comprising  the  several  formations  of 
limestone  above  the  coal  strata,  and  new  red  sandstone,  or  what 
the  French  call  Chres  bigarre. 

Transition  limestone. — This  is  one  of  the  most  important  of 
the  transition  rocks :  its  mineral  chacacters  vary  considerably,  ac- 
cording to  the  nature  of  the  rocks  with  which  it  is  associated ;  it 
has  generally  a  subcrystaUine  texture,  and  is  more  or  less  trans- 
lucent on  the  edges.  From  the  degree  of  hardness  which  it  pos- 
sesses, it  will  take  a  good  polish  :  most  of  the  coloured  marbles 
are  transition  limestone.  The  prevailing  colour  is  bluish  grey, 
but  it  is  sometimes  red,  brown,  or  black ;  the  lower  beds  of  this 
limestone  are  often  beautifully  variegated,  veined,  and  spotted* 
It  may  be  stated  generally,  that  transition  limestones  are  seldom 
so  perfectly  crystalline  as  primary  limestones,  and  they  have  rai^ly 
the  compact  and  earthy  texture  of  secondary  limestones. 

Transition  limestone  occurs  in  beds  alternating  with  slate,  grey- 
wacke,  greywacke  slate,  and  coarse  gritstone.  Some  of  these 
beds  are  of  considerable  thickness,  and  form  mountain  masses. 
The  lowest  beds  alternate  with  slate ;  they  contain  few  organic 
remains.  The  variegated  limestone  of  Devonshire  is  of  this  kind. 
Sometimes  numerous  thin  strata  of  slate  and  transition  limestone 
alternate,  and  are  much  bent  and  contorted.  A  very  remarkable 
instance  of  this  occurs  at  Drewsteignton  near  Moreton  in  Devon- 
shire, where  a  series  of  thin  strata  of  dark  limestone,  alternate 
with  strata  of  indurated  slate,  and  are  bent  and  folded  in  various 
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directions.  Were  we  to  take  a  number  of  alternating  sheets  o^ 
black  and  brown  paper,  and  fold  them  nearly  round  a  wine  de 
canter,  and  then  bend  them  back  over  the  lower  folds,  we  shook 
have  a  not  unapt  representation  of  the  singular  contortions  6 
the  strata  in  this  place,  where  they  are  exposed  to  view  by  exten 
sive  quarries  cut  in  the  rock. 

The  remarkable  contortions  o{  the  beds  of  transition  limestoii 
and  slate,  imply  the  operation  pf  a  cause  that  could  not  onl; 
bend  but  soften  the  strata ;  and  were  we  to  admit  that  graniti 
has  once  been  in  a  state  of  fusion,  and  been  protruded  throng 
the  outer  crust  of  the  globe,  tlie  immediate  contiguity  of  thesi 
bended  strata  to  the  granite  of  Dartmoor  might  indicate  tb 
agent  by  which  the  effects  were  produced.  Near  Dudley,  ii 
Staffordshire,  wc  have  another  remarkable  instance  of  the  beiid< 
ing  of  beds  of  transition  limestone;  but  this  is  in  the  vicinity  ol 
basaltic  rocks,  which  are  now  admitted  to  be  of  igneous  or^io. 

The  limestone  at  Wren's  Nest,  near  Dudley,  consists  of  two 
beds,  one  ten,  and  the  other  fourteen  yards  thick,  resting  apon 
beds  of  soft  and  imperfect  limestone  and  shale,  called  inld  meas- 
ures. The  two  beds  of  limestone  are  separated  by  similar  strata 
of  wild  measures  thirty-eight  yards  in  thickness,  and  are  raised 
up  together  in  a  position  approaching  to  vertical,  and  are  foMed 
round  the  hill  inclosing  a  space  of  about  fifty  acres,  with  a  doable 
wall  of  limestone  rising  above  the  country,  like  an  oval  tower 
widening  at  the  lower  part. 

If  two  sheets  of  pasteboard  were  separated  by  a  quire  of  writ- 
ing paper,  and  laid  flat,  and  a  blunt  metallic  rod  were  throst 
through  the  whole  from  beneath,  it  would  force  the  lower  sheet 
of  pasteboard  through  the  upper  sheets,  and  represent  the  pres- 
ent position  of  the  strata  at  Wren^s  Nest  Hill.  At  Dudley  Castle 
Hill,  about  a  mile  distant,  the  beds  of  limestone  are  bent,  and 
dip  on  each  side  of  the  hill.  (See  a  section  of  this  Hill,  Plate  3, 
fig.  4.) 

The  transition  limestone  of  Dudley  is  not  covered  by  any  beds 
of  the  upper  transition  or  mountain  limestone,  but  by  strata  about 
seventy-six  yards  in  total  thickness,  composed  of  imperfect  lime- 


UPPER  TRANBinOM  OR  MOUNTAIN  LlM£3T0NE.  ]0i 


Stone  and  sandstone,  which  separate  it  froin>'*ihe.  lowest  coal 
measures.  It  is  therefore  to  be  particularly  noticed,  that  the 
coal  strata  which  in  most  of  the  coal  districts  in'  Eb^and  rest 
upon  the  upper  transition  or  mountain  limestone,  iiv'^bia  part  of 
Staffordshire  rest  upon  the  lower  transition  limestoneV  ^he  re- 
markable fossil  the  trilobite,  called  the  Dudley  fossil,  occjird  prin- 
r.ipally  if  not  entirely  in  a  stratum  under  the  first  linfestbiie. 
There  are  shells  in  what  are  called  the  wild  measures,  but^e{ 
are  in  a  soft  and  decomposing  state.  /' 

The  lower  transition  Umestone  in  England  and  Wales  is  not  a.-* 
very  extensive  formation  :  it  skirts  the  granite  of  Dartmoor,  and  V 
part  of  the  Malvern  Hills ;  it  extends  in  a  narrow  belt  from  Wen- 
lock  in  Shropshire,  to  Caermarthen  in  Wales,  and  is  generally 
accompanied  with  soft  greenish  schistose  strata,  called  provin- 
cially  Dye  Earth,  which  contain  numerous  impressions  of  shells. 
A  few  patches  of  this  limestone  occur  in  various  parts  of  the  slate 
districts  in  Wales  and  Cumberland.  This  part  of  the  transition 
limestone  series,  is  chiefly  remarkable  for  its  organic  remains ;  it 
is  rarely  metalliferous. 

The  upper  transition  or  mountain  limestone  is,  as  I  have  be- 
fore stated,  the  limestone  to  which  the  French  geologists  gave, 
par  excellence^  the  name  of  Calcaire  de  transition.  It  is  by  ma- 
ny English  geologists  considered  as  a  distinct  formation  from  the 
lower,  or  what  they  call  the  true  transition  limestone ;  and  it  is 
said  to  be  '^  separated  from  it  by  the  important  formation  of  the 
old  red  sandstone  f  ^  but  the  latter  is  only  a  variety  of  grey  wacke, 
and  is  acknowledged  even  by  those  who  make  it  a  distinct  for- 
mation, to  graduate  into  grey  wacke,  and  possess  all  the  general 
characters  of  that  rock,  except  that  it  is  colored  red.  It  contains 
in  some  situations  beds  of  imperfect  limestone,  which  may  be 
said  to  connect  the  lower  transition  and  mountain  limestones  in 
one  formation,  together  with  the  associated  beds  of  grey  wacke, 
red  sandstone,  and  gritstone. 

Mountain  limestone  is  one  of  the  most  important  calcareous 
rocks  in  England  and  Wales,  both  from  its  extent,  the  thickness 
and  number  of  its  beds,  the  quantity  and  variety  of  its  organic 
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remaiDB,  anc)»iU-j'ichness  of  metallic  ores,  particularly  of  lead. 
In  Derbyshire,  where  the  differeDt  beds  of  limestooe  have  beeo 
pierced  thr<>ugh  by  the  mioers,  the  average  thickness  of  the  three 
upperii\Q§t is  about  160  yards;  the  beds  are  separated  by  beds 
of  trap  br'f^asalt,  retiembling  ancient  lavas.  The  fourth  or  low* 
est  (rmc^tone  has  not  been  pierced  through.  The  three  beds  of 
jxj^e^ijine  are  distinctly  stratified;  the  prevailing  color  is  grey: 
ifinik  of  the  strata  in  the  upper  limestone  bed,  seem  almost  en- 
tirpfy  composed  of  the  fossil  remains  of  encrinites.  In  the  north- 
'•Jem  part  of  Yorkshire,  and  in  Westmoreland  and  CumbeiJaiid, 
-/  the  beds  of  mountain  limestone  alternate  with  beds  of  grey  wacke 
*  •'• .  slate,  and  coarse  sandstone.  In  North  Wales,  and  in  Somenet- 
shire,  mountain  limestone  forms  entire  mountain  masses  of  vast 
thickness,  distinctly  stratified  ;  the  strata  often  varying  in  color, 
and  sometimes  in  the  nature  of  their  organic  remains. 

The  beds  of  mountain  limestone  vary  very  much  in  difiereot 
parts  of  England  in  their  number  and  thickness ;  even  the  qoaJi- 
ty  of  the  limestone  of  the  same  stratum  sometimes  varies  much 
in  the  same  mountain.     At  Llanymynah,  a  low  mountain  com- 
posed of  this  limestone,  the  quality  of  the  limestone  on  one  side 
of  the  hill  is  considered  by  the  lime  burners  of  the  very  best  kind; 
while  at  a  little  distance  the  same  strata  are  so  impure,  from  an 
intermixture  with  sand  and  clay,  that  they  cannot  be  used  with 
advantage :  but  what  is  more  remarkable,  I  have  seen  in  this 
hill,  a  stratum  of  the  best  limestone,  lying  regularly  between  other 
strata,  suddenly  terminate,  and  a  whitish  calcareous  marie  occo* 
py  its  place,  and  preserving  the  same  degree  of  thickness,  and 
the  same  direction.     As  these  strata  contain  marine  organic  re- 
mains, and  were  deposited  at  the  bottom  of  the  ocean,  we  may 
suppose  that  a  submarine  current  had  prevented  the  limestooe 
from  extending  further,  and  supplied  its  place  by  a  deposition  of 
clay,  before  the  stratum  above  was  deposited.     In  the  former 
case,  where  the  strata  of  good  limestone  become  in  some  parts 
calcareous  and  impure,  we  may  suppose  that  submarine  currents 
parrying  away  particles  of  sand,  had  hitermixed  them  with  the 
calcareous  depositions  in  one  part,  but  not  in  another.    Indeed 


CAVEKNS.  103 

this  sudden  change  in  the  quality  of  the  limestone,  is  so  common 
in  that  part  of  Wales,  that  the  workmen  have  given  to  it  the  ex- 
pressive name  oi  Balk  stone.  When  I  was  first  informed  of  the 
balk  stone,  and  saw  that  it  impeded  the  operations  of  the  quarry* 
men,  I  expected  to  have  found  a  dyke  of  basalt,  and  was  surpris- 
ed to  observe  a  mass  of  stratified  limestone  of  an  impure  quality, 
cutting  through  the  best  limestone  like  a  thick  wall,  and  left 
standing,  the  good  limestone  being  worked  away  on  each  side  of 
it.  This  wall  of  limestone  was  of  a  darker  color  than  the  rest ; 
it  contained  the  remains  of  encrinites.  It  is  owing,  I  conceive, 
to  irregularities  in  the  deposition  of  the  strata,  from  causes  at- 
tending their  original  formation,  that  soft  and  irregular  beds  or 
masses  of  clay  occur  in  mountain  limestone,  which  have  proba- 
bly been  washed  out  by  subterranean  currents  of  water,  and 
formed  excavations  and  caverns  of  considerable  magnitude. 
Many  instances  might  be  cited  of  considerable  streams,  and  even 
rivers,  ingulphed  in  mountain  limestone,  and  rising  again  at  the 
distance  of  several  miles.  In  the  northern  counties,  these  open- 
ings are  called  Swallow  Holes.  Mr.  Farey  has  enumerated 
twenty-eight  swallow  holes,  in  the  mountain  limestone  of  Derby- 
shire. 

It  is  in  the  lower  beds  of  mountain  limestone  that  enormous 
natural  caverns  fi'equently  occur ;  such  are  the  well  known  cav- 
ern near  Castleton,  and  Pools-hole  near  Buxton  in  Derbyshire, 
and  Yordas  Cave  under  Whernside  in  Craven.  Gordal  Scar  and 
Weathercote  Cave  in  the  same  district,  cannot  properly  be  called 
caverns,  as  they  are  open  to  the  day ;  but  the  latter  was  proba- 
bly once  a  cavern,  of  which  the  roof  has  fallen  in.  In  all  these 
caverns,  and  others  that  I  have  observed  in  this  limestone,  there 
is  a  stream  of  running  water,  which  is  more  or  less  copious  in 
rainy  or  dry  seasons ;  and  I  am  inclined  to  believe  that  the  cav- 
erns have  been  formed  by  the  agency  of  water  percolating 
tlirough  natural  fissures,  and  in  the  lapse  of  ages  excavating  the 
softer  or  more  broken  parts  of  the  rock.  The  prodigious  force 
with  which  these  subterranean  streams  rush  through  the  openings 
of  some  of  these  caverns,  after  continued  rains,  suggests  the 
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probability  of  this  mode  of  formation.  The  whole  of  that  enGr- 
mou8  mass  of  limestone  in  Craven,  from  Ingleborough  and 
Whemside  to  Gordal,  is  intersected  by  perpendicular  fi«sureiv 
which  are  narrow  at  the  top,  and  become  wider  as  they  descend, 
through  which  the  water  may  be  heard  to  run  at  a  vast  depth  be- 
low. These  unseen  but  ever-active  streams  are  slowly  but  pro- 
gressively wearing  down  the  internal  parts  of  these  calcareoui 
mountains,  and  depositing  them  in  the  sea. 

The  limestone  of  Derbyshire  contains  thick  beds  of  trap  or 
basalt.     In  one  or  two  instances  the  Derbyshire  trap  has  been 
observed  to  assume  the  columnar  structure.     Other  beds  contain 
cavities  filled  with  calcareous  spar :  they  are  provincially  called 
Toadstone,  the  amygdaloid  of  mineralogists.     Some  varieties 
have  a  near  resemblance  to  lava,  and  were  supposed  by  Mr. 
Whitehurst  to  have  been  forced  between  the  beds  of  limestone 
when  in  a  state  of  fusion.     Were  we  to  admit  their  igneous  mgiDt 
a  more  natural  supposition,  I  conceive  would  be,  that  they  were 
formed  at  distant  periods  of  time,  by  successive  eruptions  of  sub- 
marine volcanos,  when  these  mountains  were  covered  by  the 
ocean  ;  for  it  cannot  be  doubted  that  they  were  once  under  the 
sea.     From  recent  observations,  we  have  reason  to  believe  that 
the  agency  of  submarine  volcanos  is  very  extensive.     Probab/y 
many  of  the  differences  observed  in  volcanic  products  and  basal- 
tic rocks,  were  occasioned  by  the  different  circumstances  to 
which  they  were  exposed  afler  their  eruption,  on  dry  land,  or  un- 
der the  incumbent  pressure  of  the  waters  of  the  ocean. 

The  upper  transition  or  mountain  limestone  in  England  is  par- 
ticularly  metalliferous ;  the  principal  ores  are  those  of  lead  and 
zinc ;  they  occur  principally  in  veins.  Nearly  all  the  lead  obtain- 
ed from  the  English  mines  is  found  in  the  mountain  limestone. 
Ores  of  copper  occur  in  small  quantities  in  this  limestone. 

Most  of  the  fossil  organic  remains,  both  in  the  upper  and  lower 
transition  rocks,  are  of  genera  that  are  not  found  in  the  second- 
ary limestones.  Some  of  the  upper  beds  seem  almost  entirely 
composed  of  encrinites :  madrepores  and  corallites  occur  abun- 
dantly in  the  middle  part  of  this  formation. 
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Quartz  Rock, — Rocks  composed  entirely  of  crystalline  grains 
of  quartz,  sometimes  occur  among  primary  and  transition  moun- 
tains. Certain  causes  appear  to  have  operated  locally,  and  sep- 
arated the  quartz  and  felspar  of  granite  into  masses  of  consider- 
able size.  The  quartz  rock  in  the  county  of  Wicklow  I  observ- 
ed to  be  formed  of  what  is  called  grea$y  quartz.^  similar  to  that 
in  numerous  veins  in  the  mica-slate,  near  its  junction  with  granite 
in  the  adjacent  mountains,  and  is  probably  cotemporaneous  with 
the  veins.  According  to  Dr.  MacCuIloch,  the  quartz  rock  in 
many  parts  of  the  Highlands  presents  evident  indications  of  being 
composed  of  fragments  and  rounded  pieces  again  united,  and  is 
in  fact  a  quartzose  grcywacke  or  grit.  Part  of  the  Lickey  Hill 
near  Bromsgrove  is  composed  of  granular  quartz ;  and  similar 
beds  occur  near  the  village  of  Hartshill,  in  Warwickshire,  be- 
tween Atherstone  and  Nuneaton.  Quartz  rock,  as  distinguished 
from  quartzose  gritstone,  is  an  inconsiderable  formation,  and  may 
with  more  propriety  be  referred  to  the  Transition,  than  the  Pri- 
mary Class. 

Jasper. — This  mineral  is  of  rare  occurrence  as  a  constituent 
part  of  beds,  or  of  mountain  masses ;  it  differs  little  from  a  sili- 
ceous flinty  slate,  but  is  generally  coloured  red,  brown,  or  yellow, 
and  is  opaque.  It  contains  a  large  portion  of  the  oxide  of  iron 
in  its  composition.  The  beds  of  shale  in  the  coal  strata  are 
sometimes  converted  by  fire  into  a  substance  in  every  respect  re- 
sembling jasper.  There  are  beds  of  jasper  of  considerable  rpag- 
nitude  in  some  parts  of  the  Appenines  covered  by  rocks  of  ser- 
pentine. In  some  situations  beds  of  slaty  jasper  alternate  with 
slate,  to  which  rock  tliey  appear  to  bear  the  same  relation  as 
flinty  slate.  Lydinn  stone,  which  is  a  black  siliceous  flint  slate, 
is  by  some  geologists  called  black  Jasper.  The  only  bed  of  jas- 
per that  I  have  seen  among  the  English  rocks,  occurs  associated 
with  beds  of  manganese  ore  at  Doddiscombleigh  in  Devonshire. 
Jasper  sometimes  occurs  in  veins,  and  forms  nodules  in  basaltic 
rocks. 

Hornblende  rock  and  Greenstone. — Hornblende  rock  has  been 
described  as  associated  with  primary  rocks,  it  also  occurs  in  the 
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lower  transition  rocks.  Transition  hornblende  presenUi  no  yarie* 
ty  of  cliaracter  by  which  it  can  be  distinguished  from  Primarj. 
Cjrccnstono  composed  of  felspar  and  hornblende,  in  which  the 
felspar  is  white,  and  sienitic  greenstone,  in  which  the  felspar  b 
red,  sometimes  occur  in  beds  among  transition  rocks,  particula^ 
ly  of  slate.  But  more  frequently  rocks  of  greenstone,  sometimef 
called  Trap,  occur  in  an  unconformable  position,  covering  rocks 
both  of  the  transition  and  secondary  class,  and  will  be  descri- 
bed in  the  chapter  on  Unconformable  Rocks ;  afler  the  descrip- 
tion of  the  lower  secondary  strata  containing  coal. 

OB5ERVATIONS    ON    COXPORMAHLE    TRANSITION    ROCKS. 

The  order  of  succession  in  coDformable  transition  rocks  is  extreme- 
ly variable,  and  the  thickness  of  thn  same  beds  differs  greatly  In  differ- 
ent situations.     In  one  district  we  find  a  whole  uninterrupted   series 
of  calcareous  strata,  formings  entire  mountains;  and  in  an  adjacent dii"' 
trict  the  same  series  arc  wirlely  separated  by  intervening  beds  of  ilalet 
groy  wacke,  or  sandstone  ;  and  many  of  the  strata  which  occur  in  OM 
place,  will  often  be  wanting  in  another.     We  have  before  observed, 
that  calcareous  transition  strata  are  subject  to  sudden  variations  of 
quality  in  thc^  same  mountain  ;  we  cannot  therefore  be  surprised,  th&i 
in  distant  districts  a  great  diversity  should  exist,  both  in  the  nimberand 
thickness  of  calcareous  strata  of  the  same  formation  ;  no  single  stra- 
tum can  be  regarded  as  an  universal  formation.     In  whatever  maoner 
the  strata  were  deposited,  the  deposition   has  been  interrupted  by 
causes  to  us  unknown,  which  have  accumulated  thick  masses   in  one 
situation,  and  prevented  their  formation  in  other  parts.     With  respect 
to  beds  composed  chiefly  of  the  fragments  of  older  rocks,   it  is  evi- 
dent that  the  contiguity  to  rocks  which  were  most  easily  disintegra- 
ted, would  produce  thicker  beds  of  fragments  in  certain  situations 
than  in  others,  and  that  their  formation  must  be  local. 

The  organic  remains  found  in  transition  rocks,  belong  almost  exclu- 
sively to  genera  no  longer  existing,  and  which  do  not  occur  in  the 
upper  secondary  strata.  Vegetable  remains  are  rare  in  transition 
rocks ;  they  occur  sometimes  in  slate  rocks.  The  trilobite  is  pecu- 
liar to  transition  rocks;  the  gigantic  species  occurs  in  slate,  and  the 
smaller  species  in  limestone.     The  orthoceratite   is  chiefly  found  in 
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iraDsitioa  ILmestoDe ;  univalve  shells  rarely  occur  in  it  The  prevail- 
ing fossils  in  this  class  are  madrepores,  corallites,  and  encrinites. 
The  remains  of  vertebrated.  animals  are  rarelj,  if  ever,  found  in 
transit  ion  rock^.  Many  iDStaoces  cited  by  foreign  geologists  of  ver- 
tebrated animals  found  in  this  class  of  rocks  are  erroneous ;  the  rocks 
in  which  they  occur  belong  to  the  secondary  strata.  And  it  should 
be  known,  that  some  English  conchologists  have  described  fossil  re- 
mains from  specimens  collected  in  particular  counties,  without  know- 
ing precisely  their  true  localities,  or  whether  they  were  found  in  situ 
or  in  diluvial  deposits.  In  the  near  vicinity  of  the  transition  lime- 
stone in  Derbyshire,  I  have  collected  gryphites  and  numulites,  and 
even  the  fossils  of  the  chalk  formation,  but  they  had  no  relation  to 
the  ancient  limestone ;  they  were  found  in  beds  of  g^vel. 

Conformable  transition  rocks  cover  the  primary,  and  sometimes  al- 
ternate with  them ;  they  are  also  associated  with  the  lowest  beds  of 
the  coal  formation,  so  that  no  well  marked  division  can  be  traced 
between  them :  but  there  is  one  character,  independent  of  all  artifi- 
cial arrangements,  which  serves  to  distinguish  transition  rocks  from 
the  upper  secondary  strata,  in  countries  where  the  regular  coal  for- 
mation is  found.  All  rocks  under  the  coal  formation  belong  either  to 
the  transition  or  primary  class ;  and  all  the  strata  above  the  coal  for- 
mation, belong  either  to  the  upper  secondary  or  the  tertiary  clas«i. 
The  geological  position  of  the  regular  coal  formation  thus  serves  as 
a  simple  and  intelligible  key  to  the  geology  of  all  countries  where 
the  coal  formation  occurs.  But  where  the  coal  strata  are  absent,  the 
difficulty  of  determining  the  class  to  which  certain  rock  formations 
belong,  is  oAen  very  •great.  Of  this  we  have  a  striking  instance  in 
the  perplexed  attempts  of  foreign  geologists  to  classify  the  vast  cal- 
careous formations  of  the  Jura,  and  the  outer  range  of  the  Alps ;  and 
the  perplexity  is  further  increased,  by  the  mistakes  which  are  made 
in  referring  to  the  English  mountain  limestone,  by  conlonnding  it  with 
the  calcaire  alpin  or  alpine  limestone.  The  alpine  limestone,  accor- 
ding to  some  geologists,  is  a  transition  limestone  ;  but  according  to 
other  geologists,  it  is  analogous  to  the  magnesian  limestone  under  the 
new  red  sandstone,  and  also  comprises  the  lias  limestones  and  the 
oolites.  Indeed,  I  am  convinced  that  in  the  vicinity  of  the  Alps, 
rocks  analogous  to  the  chalk  formation,  have  not  unfrequently  been 
classed  with  transition  limestones.    These  mistakes  have  arisen  from 
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a  desire  to  mako  ohsorvations  agree  with  preconceived  theories,  and 
the  arlificiiil  arransronients  which  Wenier  had  invented.  Tbus  it  was 
taken  for  granted^  that  the  granitic  mountains  of  the  Alps  being  pri- 
mary, the  calcareous  mountains  must  he  primary  also ;  and  when  or- 
ganic remains  were  t\r^i  discovered  in  them,  the  geologists  in  France 
were  grently  surprised,  and  seemed  unwilling  to  admit  the  fact :  at 
length,  by  a  painful  and  reluctant  elVort,  they  removed  all  these  moun- 
tains from  the  prmiary  to  tlic  transition  class.  A  more  Herculean  la- 
bour remains  to  be  perfonned, — that  of  removing  many  of  these  moim- 
tains  still  higher,  into  tlie  upper  secondary  class.  In  the  ^'icinity  ot 
Moutiers  in  the  Tarcntaise,  where  M.  Brochant  fin»t  observed  some 
organic  remains  suppo«»cd  to  belong  to  transition  rocks,  I  discovered 
the  Patella  and  other  fossils,  peculiar  to  the  upper  secondary  strati. 
In  parts  of  France  at  a  distance  trom  the  Alps  and  the  Jura,  the 
mineral  character  of  the  secondary  strata  might  alone  serve  to  iden- 
tify them  with  the  English  lias,  oolites,  and  chalk :  but  in  tbe  range 
of  the  Jura  and  the  outer  ranges  of  the  Alps,  the  calcareous  fonna- 
tions  are  of  such  immense  magnitude,  and  the  beds  are  of\en  to  higb* 
ly  indurated  and  crystalline,  that  it  is  only  from  their  relative  position 
and  imbedded  fossils  that  we  can  trace  their  analogy  to  the  Ei^iiih 
strata,  or  to  the  secondary  strata  in  the  north  of  France. 
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ON  THE  LOWER  SECONDARY  STRATA  COMPRISING  THE  REGULAR 

COAL  FORMATION. 

The  relatiye  Geologkal  PMitkm  of  Coal  Strata. — Wood  Coal.— Mioei^  Coal.— Ar- 
rangement of  the  Strata  in  Coal-fielda. — Concavities  or  Basins  in  which  Coal  Stra- 
ta are  deposited. — Intersections  by  Faults  or  Dykes. — Their  Efiects  on  Water  in 
Coal  Mines. — Peculiar  Positions  of  Coal  Strata  in  certain  Districts. — On  the  mode 
of  Searching  for  Cool. — Ironstone  accompanying  Coal. — Precautions  necessary  in 
the  establishment  of  Iron  Furnaces. — On  Carbon  as  an  original  constituent  part 
of  the  Globe. — On  the  Origin  of  Coal  and  its  Deposition  in  Freshwater  Basins  or 
Lakes. — Experiments  of  Dr.  MacCulloch  on  the  Convernonof  Vegetable  Matter 
into  Coal.>-On  imperfect  Coal  Formations  beyond  the  limits  of  the  rogulur  Coal 
Strata. — Hints  to  Landed  Proprietors  respecting  the  probability  of  finding  Coal 
and  Rock  Salt  in  Districts  where  they  are  at  present  undiscovered. — Coal  Mines  in 
France,  &c. — On  the  Consumption  of  Coal  in  England,  and  the  period  when  it 
will  be  exhausted. 

It  has  been  stated  in  the  preceding  chapter,  that  the  upper 
conformable  transition  rocks  are  frequently  associated  with  the 
lower  series  of  secondary  strata ;  so  that  from  their  position  and 
mineral  characters  alone,  no  well  marked  line  of  division  could 
be  drawn  between  them ;  there  is  however  a  truly  remarkable 
difference  in  the  nature  of  the  organic  remains  in  the  transition 
rocks,  and  in  the  lower  secondary  strata.  In  the  transition  series, 
the  organic  remains  are  almost  exclusively  those  of  marine  ani- 
mals, which  are  believed  to  have  lived  in  the  deepest  parts  of  the 
ocean.  In  the  lower  secondary  strata  covering  the  transition 
rocks,  the  organic  remains  belong  almost  exclusively  to  the  veg- 
etable kingdom,  and  are  analogous  to  the  native  plants  of  warm 
or  tropical  climates.  These  strata  also  contain  much  carbona- 
ceous and  bituminous  matter,  and  frequently  alternate  with  regu- 
lar beds  of  coal. 

The  striking  change  in  the  nature  of  these  organic  remains, 
from  marine  animals  to  vegetables,  marks  that  a  great  revolution 
had  taken  place^  the  condition  of  our  present  continents,  after 
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the  formation  of  the  iiiouiitain  limeiitone,  and  before  the  depon- 
tion  of  the  coal  strata.  To  whatever  causes  we  are  to  attribute 
this  change,  it  has  also  been  attended  with  another  eflfect  not 
less  remarkable :  after  this  peiiod  the  formation  of  aietallic  veiu 
appears  to  have  almost  entirely  ceased,  for  they  very  rarely  ihoot 
up  into  the  secondary  strata  which  alternate  witli  the  principi! 
beds  of  coal. 

We  have  a  remarkable  instance  of  this  change  from  animal  lo 
vegetable  remains  in  the  prevailing  rocks  of  some  of  the  nortii- 
ern  counties.     Tiie  mountains  of  transition  limestone   which  ex- 
tend through  the  Peak  of  Derbyshire,  and  through  Craven  in 
Yorkshire,  abound  exclusively  with  the  organic  remains  of  dm- 
rine  animals.    They  are  covered  on  the  eastern  t»ide  by  two  thick 
beds,  which  contain  carbonaceous  and  bituminous  matter  and 
vegetable  impressions.     The  lowest  is  from  one  hundred  and  tf 
ty,  to  one  hundred  and  seventy  yards  in  thickness.     It  is  caBed 
by  Mr.  Farcy*  Limestone  Shale,  because  it  occurs  over  lime- 
stone.    It  is  composed  princi()ally  of  thin  strata  of  shale  and 
sandstone.    Where  it  is  exposed  to  the  air,  it  is  of  a  dark  redditb- 
brown  color ;  over  this  lies  a  bed  of  coarse-grained  siliceous  sand- 
stone, not  less  than  one  hundred  and  thirty  yards  in  tliickoeis. 
It  has  been  called  Millstone  grit  by  Mr.  Whitehurst  and  the  mi- 
ners in  the  north  of  England,  from  being  used  for  the  purposes  of 
millstones.     These  two  beds  separate  the  metalliferous  limestone 
from  the  coal  strata  in  that  part  of  England ;  for,  though  thin 
seams  of  coal  sometimes  are  met  with  in  them,  they  do  not  con- 
tain any  of  sufficient  thickness  to  be  worked.     In  the  counties  of 
Northumberland  and  Durham,  the  separation  between  the  strata 
containing  animal  remains,  and  those  which  contain  exclusivelj 
vegetable  remains,  is   not  so  distinctly  marked.     In  the  lower 
part  of  the  great  series  of  strata  of  micaceous  sandstone,  shale, 
gritstone,  and  coal,  which  together  comprise  the  coal  formation 
of  those  districts,  there  are  some  beds  of  limestone,  and  a  few 
seams  of  imperfect  coal  under  the  limestone ;  but  the  upper  part 
of  this  series,  to  the  depth  of  nearly  one  thousand  feet,  contains 
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organic  remaim  belonging  almost  exclusively  to  the  vegetable 
kingdom. 

Cotd  18  a  mineral  too  well  known  to  require  a  particular  de- 
scriptioD.  Mineralogists  divide  coal  into  two  species, — Brown 
coal,  and  Black  coal ;  the  former,  sometimes  called  wood  coal, 
is  found  chiefly  in  diluvial  or  in  alluvial  ground.  It  contalhs,  be- 
sides charcoal  and  bitumen,  various  vegetable  principles,  and  the 
branches  or  trunks  of  trees  partially  decomposed,  which  mark 
the  origin  of  this  kind  of  coal. 

Black  coal,  or  common  coal,  is  composed  of  charcoal,  bitu- 
men, and  earthy  matter.  The  latter  forms  the  ashes  which  re- 
Toain  after  combustion:  these  vary  in  proportion  in  different 
coals,  from  two  to  near  twenty  per  cent.  The  proportion  of  bi- 
tumen varies  from  twenty  to  forty  per  cent.,  and  the  charcoal 
from  forty  to  more  than  eighty  per  cent 

Mihcralogists  have  enumerated  many  different  kinds  of  black 
coal :  several  of  these  pass  by  gradation  into  each  other  in  the 
same  mine.  The  most  important  varieties  in  an  economical 
view  are  the  hard  coal,  like  that  of  Staffordshire,  and  bituminous 
or  caking  coal,  called  in  London  sea  coal. 

Black,  or  common  coal,  occurs  in  regular  strata,  which  vary  in 
thickness  from  a  few  inches  to  several  feet  or  even  yards.  Many 
strata  of  coal  often  occur  under  each  other,  separated  by  strata 
of  indurated  clay,  micaceous  sandstone,  coarse  gritstone,  iron- 
stone, and  soft  bituminous  slate  called  shale,  and  loose  stones 
and  clay  called  rubble.  The  series  of  strata  which  occur  in  one 
situation  is  denominated  a  coal-field. 

Every  district  has  its  peculiar  series  of  strata  unconnected  with 
any  other :  hence,  the  series  of  stratified  coal  have  been  denomi- 
nated independent  coal  formations. 

Coal-fields  are  of  limited  extent,  and  the  strata  frequently  dip 
to  a  common  centre,  being  often  arranged  in  basin-shaped  con- 
cavities, which  appear  to  have  been  originally  detached  lakes, 
that  were  gradually  filled  by  repeated  depositions  of  carbona- 
ceous and  mineral  matter.  In  some  of  the  larger  coal-fields,  the 
original  form  of  the  lake  cannot  ho  trace<],  hirt  in  the  smaller 
ones  it  is  distinct^  preserved. 
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The  diflbrciit  strata  under  a  bed  of  coal  are  frequently  similir 
to  the  strata  over  it ;  and  the  same  series  is  again  repeated  under 
the  lower  beds  of  coal,  and  sometimes  with  a  perfect  similaritj 
both  in  the  succession  and  tliickness  of  each.  In  some  in^tanca 
a  single  bed  of  stone,  of  vast  thickness,  separates  two  beds  of 
coal.  In  other  instances,  only  a  very  thin  stratum  of  shale  or 
clav  lies  between  coul  beds. 

Though  numerous  beds  or  seams  of  coal  occur   in  one  coat 
field,  very  rarely  more  than  three  of  these  arc    worked.     The 
thickness  of  the  coal  strata  in  the  same  coal-field  often  variei 
from  a  few  inches  to  several  yards ;  but  each  stratum  generaUj 
preserves  the  same  thickness  throughout  its  whole  extent.     In- 
stances to  the  contrarv  sometimes  occur,  in  which  the  same  bed 
will  become  narrower  or  wider,  and  sometimes  be  divided  by  t 
stratum  of  incombu^til)ie  eaithy  matter,  in  different  parts  of  iti 
course.     Few  beds  of  coal  are  worked  at  a  great  depth  which 
are  less  than  two  feet  in  thickness.     The  stratum  lying  over  a 
be<l  of  coal  is  called  the  roof,  and  the  stratum  under  it  the  floor. 
The  facility  of  getting  coal  dejiends  very  much  on  the  compact- 
ness of  the  stone  which  forms  the  roof,  not  only  on  account  of  the 
security  from  falling,  but  for  keeping  out  the  upper  water  and 
j)reserving  the  pit  in  a  dry  state.     The  great  expense  incurred  in 
supporting  the  roof  when  it  is  loose,  frequently  prevents  a  valua* 
ble  bed  of  coal  from  bemg  worked,  or  absorbs  all  the  profit.    In 
some  situations  the  roof  is  indurated  clay,  impregnated  with  bitu- 
men and  pyrites.     When  this  falls  down,  and  is  intermixed  with 
water  and  small  coal  at  the  bottom,  it  takes  fire  spontaneously; 
on  which  account  the  miners  close  up  the  space  with  commoo 
clay,  where  the  coal  has  been  worked,  to  prevent  the  access  of 
air  to  the  combustible  matter.     This  kind  of  combustible  cia?  is 
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called  tow ;  it  is  common  in  the  Ashby-de-la-Zouch  coal-field, 
and  in  Staffordshire.  The  floor  or  stratum  on  which  the  coal 
lies,  consists  of  clay  in  various  degrees  of  induration,  and  is  al- 
most always  of  that  kind  which  will  resist  the  action  of  fire,  call- 
ed fire-clay,  suited  for  furnace  bricks  and  crucibles.  (See  Mr. 
Farcy's  Derbyshire,  p.  179.) 
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It  has  been  before  observed  that  coal  strata  are  frequently  bent 
in  concavities,  resembling  a  trough  or  basin,  dipping  down  on 
one  side  of  the  field  and  rising  on  the  other.  In  Plate  4,  iig.  2, 
the  section  of  a  coal-field  is  represented,  in  which  the  coal  strata 
c  c  D  D*  are  inclined  in  this  manner,  but  partially  dislocated  by  a 
fracture  or  fault  at/.  The  extremities  of  the  lowest  stratum  c  c 
are  several  miles  distant  in  some  coal-fields,  in  others  not  more 
than  one  mile. 

In  the  great  coal-field  or  basin  in  South  Wales,  the  strata  are 
arranged  in  this  manner  over  an  extent  of  nearly  a  hundred 
miles  in  length,  and  a  variable  breadth  of  from  five,  to  twenty 
miles.  It  is  partly  broken  into  by  Caermarthen  Bay,  but  it  forms 
an  extent  of  surface  exceeding  twelve  hundred  square  miles.  It 
contains  twenty-three  beds  of  workable  coal,  which  are  said  by 
Mr.  Martin  to  make  together  ninety-five  feet  in  thickness  of  this 
valuable  mineral ;  this  will  yield  sixty-four  million  tons  of  coal  per 
square  mile.  The  thickest  bed  of  coal  is  nine  feet ;  in  some 
parts  there  are  sixteen  seams  of  ironstone.  The  strata  of  this 
vast  coal-field  are  deeply  cut  through  by  valleys,  and  are  much 
broken  by  faults,  and  the  quality  of  the  coal  varies  greatly  in  dif- 
ferent parts  of  the  field. 

At  the  Clee  Hills  in  Shropshire,  the  breadth  of  some  of  the 
coal  fields  is  not  a  mile.  At  Ashby  Wolds  in  Leicestershire,  in 
the  central  part  of  the  fields  at  e,  Plate  4,  fig.  2,  the  main  bed  of 
coal  is  worked  at  the  depth  of  two  hundred  and  forty  yards ;  but 
by  the  bending  and  rise  of  the  strata,  the  same  bed  comes  to  the 
surface  at  c,  about  three  miles  distant.  The  depth  of  coal  strata 
is  very  different  in  diflerent  situations,  and,  from  the  inclination 
or  bending  of  the  strata,  differs  much  in  the  same  district,  as  will 
be  evident  from  what  has  been  stated,  and  from  an  inspection  of 
the  last-mentioned  figure.  Some  coal-fields  extend  in  a  waving 
form  over  a  district. 


*  The  reference  to  the  plate  and  figure  is  correct,  but  the  lettering  is  omitted  in 
the  English  copy,  and  the  omisdon  was  not  discovered  in  time  to  correct  it  in  thU 
e^&tion.'—Jim,  Ed. 
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On  the  eastern  side  of  England,  the  strata  gcoerally  decIiMv 
or,  in  the  miners^  language,  dip  to  the  south-east  point :  on  ibe 
western  side,  the  strata  are  more  frequently  throwo  into  different 
and  opposite  directions,  by  what  arc  called  faults  and  dykes. 

A  Fault  is  a  break  or  intersection  of  a  series  of  strata,  on  one 
side  of  which  they  arc  raised  or  thrown  down ;  so  that  in  work* 
ing  a  bed  of  coal,  the  men  come  suddenly  to  its  apparent  termi- 
nation.   A  Dyke  is  a  wall  of  mineral  matter,  cutting  through  the 
strata  in  a  position  nearly  vertical.     The  name  dyke  is  originallj 
derived  from  our  Northern  neighbors ;  it  signifies  a  wall.     The 
thickness  of  dykes  varies  from  a  few  inches,  to  twenty  or  thirty 
feet,  and  even  yards.     The  dykes  which  intersect  coal  strata  are 
composed  of  indurated  clay,  or  more  frequently  of  basalt,  and 
will  be  particularly  described  in  the  following  chapter.     In  some 
coal-fields  the  strata  are  raised  or  thrown  down  on  one  side  of  a 
dyke  one  hundred  and  fifty  yards  or  more ;  and  the  miner,  after 
penetrating  through  it,  (see  Plate  4,  fig.  3,)  instead  of  finding  the 
same  coal  again,  meets  with  beds  of  stone  or  clay  on  the  other 
side  at  e :  hence  he  is  frequently  at  a  loss  how  to  proceed  in 
searching  for  the  coal  which  is  thus  cut  ofl'.     If  the  stratum  of 
stone  e  be  the  same  as  any  of  the  strata  which  were  sunk  tbroiigfa 
in  making  the  pit  or  shaft  g  ^,^  it  proves  that  the  bed  of  coal  is 
thrown  down  on  the  side  of  the  fault  at  r,  and  he  can  determine 
the  exact  distance  between  that  stratum,  and  the  coal  he  b  in 
search  of.     But  if  the  stone  is  of  a  diilercnt  kind  from  any  which 
was  above  the  coal  c  c,  he  may  be  certain  that  the  strata  are 
raised  on  that  side ;  but  to  what  distance  can  only  be  ascertained 
by  trial,  if  the  under  strata  of  the  coal  bed  c  c  have  not  been  pre- 
viously perforated.     It  frequently  happens,  however,  that  two  or 
more  strata  of  stone  or  shale  at  diflerent  depths,  are  so  similar  in 
their  quality  and  appearance,  that  it  is  impossible  to  distinguish 
them :  in  such  cases  it  is  necessary  to  perforate  the  stratum,  to 
ascertain  its  thickness  and  examine  the  quality  of  the  strata  above 
or  below  it,  by  which  its  identity  with  any  known  stratum  may 
generally  be  ascertained.     The  manner  in  which  the  strata  are 


*  gg  omitted  ia  the  Plate. 


the  tekt  wil  abo  detenuMie  whether  th^  era 
"^lirowB  ep  er  iIowb,  pfoniieil  thejr  ere  not  ehetterad  where  ihegr 
^cone  in  eMtoet  wU  h,  which  ii  frequently  the  case.*  Eech 
K>ed  oTeeei  in  mcoeliekl  hatoefftein  charectefe  by  which  it  may 
l^eMralfhekBiNnilobethemiie.  Its  thickneit,  and  the  quel- 
:3^  ef  the  loofaari  loor,  with  that  of  the  upper  and  imder  etrata, 
^eaera%  wetwt  to  identify  it,  thou^  it  may  sink  deeper  in  one 
jpiaee  thm  another,  and  vaiy  in  distance  from  the  surfiue  fiwe 


The  dfkm  which  intersect  coel  strata  are  generally  impemoos 
wntnr ;  and  it  not  unfiequently  happens,  that  where  the  strata 
^fccline  to  them,  they  hold  up  the  water  and  occasion  springs  ai 
^mhe  anffcce,  or  keep  the  coal-works  on  that  side  of  the  fault  an- 
^m  water,  when  the  coal-works  on  the  other  side  are  dry.    This 
w3l  be  belter  nderstood  by  referring  to  Plate  4,  fig.  3  and  3, 
where  the  coal  strata  on  the  right  hand  of  the  faults  decline  or 
dip  to  tiiem)  and  the  water  which  passes  through  or  between 
die  etrata  wiB  be  stopped  at  the  faolu  and  held  up,  should  any 
of  the  lower  strata  be  also  imporrious,  in  which  case  the  coal 
beds  to  the  right  of  the  fault  will  be  under  water,  and  those  oo 
the  other  nde  dry.     Now  should  a  perforation  be  incautiously 
made  through  the  dyke,  all  the  water  will  be  thrown  upon  the 
works  on  the  left,  that  were  before  dry.   Where  the  wall  on  each 
side  of  a  fault  belongs  to  different  proprietors,  a  few  strokes  with 
a  |Mckaze  may  thus  do  incalculable  mischief  to  those  on  the  one 
side,  and  render  great  service  to  the  other,  by  laying  their  pits  dry. 
The  deepest  coal  mines  in  England  are  those  in  Northumber- 
land and  in  the  county  of  Durham,  some  of  which  are  worked 
nearly  three  hundred  yards  below  the  surface.    The  thickest  bed 
of  English  coal  of  any  considerable  extent  is  the  main  coal  in 
Staflbrdshire,  which  is  thirty  feet   The  upper,  lower,  and  middle 
parts  of  the  bed  differ  in  quality.     Mr.  Keir,  who  has  written  an 
interesting  account  of  the  mineralogy  of  the  south  of  Stafford- 
— ^— — .^^  ,11  ■  ■  — ^1— »~ 

*  If  tfie  dyke  make  an  acata  angle  with  tiie  upper  aar&ee  of  the  atrata,  they  are 
ihMwn  op  on  Uiat  aide ;  Irat  If  it  nuJn  an  obtuie  angle,  they  are  thrown  down.  See 
Plato  4.  fig.  S.  d;  and  fig.  8.  d. 
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shire,  says  that  thirteen  different  kinds  of  coal  occur  over  each 
other  in  this  bed  ;  the  uppermost,  which  is  compact,  serves  as  i 
roof  in  getting  tlie  under  coal.  At  the  Wood  Mill-iiill  colliery  in 
this  county,  the  coal  is  said  to  he  forty-five  feet  thick  ;  and  three 
beds  of  coal,  from  three  to  four  feet  in  thickness,  have  been  found 
under  it,  since  Mr.  Kcir's  account  was  published.  The  first  ii 
only  two  yards  under  the  thick  coal.  The  main  bed  of  coal  it 
the  Ashby-de-la-Zouch  coal-field  is  thirteen  feet  thick ;  the  upper 
and  lower  seams  of  this  bed  also  vary  in  quality  ;  and  the  top 
serves  as  the  root*,  being  more  compact  than  the  stratunm  over  the 
coal.  Few  beds  of  coal  in  other  parts  of  England  or  in  Walei 
exceed  from  six  to  nine  feet  in  thickness ;  but  a  diflference  in  the 
quality  may  generally  be  observed  in  the  upper,  lower,  and  mid- 
dle parts  of  the  same  bed. 

A  curious  fact  is  stated  by  Mr.  Keir  respecting  the  main  coal 
of  Staffordshire : — In  one  situation  the  upper  part  of  the  bed  sep- 
arates from  the  lower,  and  rises  to  the  surface,  or  crops  out  It 
is  at  first  divided  by  indurated  clay  called  bind  or  clunch  ;  but  as 
the  distance  becomes  wider,  the  intervening  stone  grows  harder, 
and  will  strike  fire  with  steel.  Similar  separations  take  place 
sometimes  in  the  beds  of  coal  in  the  mines  of  Northumberland 
and  Durham.  The  largest  known  bed  of  coal  in  the  west  riding 
of  Yorkshire  is  near  Bamsley  :  it  is  ten  feet  thick,  and  is  suppo- 
sed to  be  formed  by  the  meeting  of  two  or  more  scams,  which 
soon  separate  again.  The  miners  have  not  been  able  to  trace 
the  same  bed  in  situations  where  it  might  have  been  found,  had 
it  preserved  the  same  thickness  in  other  parts  of  its  course. 

Coal  strata,  beside  the  more  common  dislocations  by  faults, 
present  remarkable  contortions  which  it  would  be  difficult  to  e;i- 
plain,  except  by  admitting  a  lateral  force,  which  has  compressed 
them  into  a  zig-zag  form.  To  the  same  cause,  or  perhaps  to  a 
partial  sinking  of  the  earth,  we  may  attribute  the  origin  of  what 
is  called  faulty  ground^  which  frequently  occurs  in  coal-fields. 
In  this,  no  actual  dyke  appears  to  have  been  formed ;  but  the 
beds  of  coal  with  all  the  accompanying  strata  are  so  broken  and 
shattered,  that  no  workings  can  be  carried  on,  till  the  miner  has 
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got  through  them  into  regular  strata.  These  broken  parts  of  the 
strata,  called  troubles  and  faulty  ground,  occasion  much  more 
difficulty  to  the  miner  than  common  faults  or  dykes,  and  are 
sometimes  of  great  extent. 

In  some  coal-fields  one  part  of  a  stratum  is  inclined,  and  the 
other  part  vertical.  A  curious  fact  of  this  kind  may  be  seen  in  a 
small  coal-field  near  the  town  of  Manchester.* 

The  position  of  coal  strata  in  many  coal-fields  may  be  repre- 
sented by  a  series  of  fresh  water  muscle  shells,  decreasing  in  size, 
laid  within  each  other,  but  separated  by  a  thin  paste  of  clay.     If 
one  side  of  the  shell  be  raised,  it  will  represent  the  general  rise 
of  the  strata  in  that  direction  ;  and  if  the  whole  series  be  dislo- 
cated by  partial  cracks,  raising  one  part  a  little,  and  depressing 
the  other,  to  represent  faults  in  the  coal,  it  will  give  a  better  idea 
of  the  coal-field  than  any  description  can  convey.    We  are  here 
to  suppose  that  each  shell  represents  a  stratum  of  coal,  and  the 
partitions  of  clay  the  earthy  strata  by  which  they  are  separated. 
The  outer  shell  represents  the  lowest  bed  of  coal,  which  may  be 
many  miles  in  extent.    Now  if  a  much  larger  shell  be  filled  with 
sand,  and  the  lowest  shell  be  pressed  into  it,  we  may  consider 
the  large  shell  to  represent  limestone,  and  the  sand  gritstone ;  we 
shall  then  have  a  model  of  the  coal  strata  in  many  parts  of  Eng- 
land, and  their  situation  over  the  metalliferous  lime,  with  the 
beds  of  sandstone  by  which  they  are  separated  from  it. 

From  the  inclination  or  bending  of  coal  strata,  they  always  rise 
near  to  the  surface  in  some  parts  of  their  course,  and  would  be 
visible  if  not  covered  by  soil  or  gravel.  In  the  intersections 
formed  by  rivulets,  or  by  accidental  fractures  on  the  sides  of  hills 
in  a  district,  the  nature  of  the  strata  may  often  be  determined, 
and  should  be  ascertained  before  any  expense  be  incurred  in 
boring  or  sinking  for  coal.  When  this  is  done,  a  proper  station 
should  be  chosen ;  which  requires  great  judgment :  otherwise  it 
is  possible  to  bore  or  sink  to  great  depths,  and  miss  a  bed  of  coal 


*  I  have  given  a  short  aecount  of  Uub  coal-field  in  the  second  volume  of  the  Trans- 
.actions  of  the  Geological  Society. 
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which  exists  very  near  the  place  :  this  will  be  evident  from  fc 
inspection  of  the  two  stations,  a  and  ft,  Plate   4,  fig.  3:  ialhr 
latter  it  would  be  impossible  to  meet  with  the  bed  of  coaLc.i» 
cause  the  search  is  made  bevond  the  line  where  it  rises  to  the 
surface,  or,  in  the  miners^  language,  crops  out.    At  a,  coal  vooK 
be  found  after  sinking  only  a  few  yards.     In  most  situations,  ili 
better  to  s(;arch  for  coal,  as  deep  as  can  be  done  w^ithout  dps 
sive  machinery,  by  sinking  a  well  in  preference  to  boring.  1^ 
sinking,  a  decisive  knowledge  of  the  nature  and  thickness  of  Ai 
strata  can  he  ascertained  as  far  as  you  descend,  w^hich  cask 
only  imperfectly  known  by  boring ;  for  the  latter  mode  islh 
groat  uncertainty  of  result,  from  bendings  or  slips  of  the 
If,  for  instance,  the  borer  be  worked  in  the  situation  a,  PUti 
fig.  2,  it  will  [)ass  through  a  great  depth  of  coal,  which  in  rab 
may  not  be  more  than  a  few  inches  in  thickness.      Besides  lk 
uncertainty  of  the  residts,  the  grossest  impositions  are  sooMtM 
practised  to  answer  interested  purposes,  and   induce  proprietM> 
to  continue  the  search,  where  there  is  no  reasonable  probilAf 
of  success.     Where  coal  strata  come  to  the  surface,  thef  tf< 
generally  in  a  soft  decomposed  state,  and  intermixed  witfaeaftkj 
matter.     They  frequently  present  no  appearance  of  cosl^  bat  ibe 
soil  may  be  observed  of  a  darker  color.     The  real  9Mlrty  of  the 
coal  cannot  be  ascertained  until  it  is  found  below  id  its  natnral 
undecompose<I  state,  lying  between  two  regular  strati  o^  ilcme, 
or  indurated  clay.     In  general  it  is  observed  that  the  same  bed 
improves  in  quality,  as  it  sinks  deeper  into  the  earth.    Coal  strata 
are  generally  split  or  divisible  into  rhomboidal  blocks,  by  vertictl 
joints,  which  range  about  E.  S.  E.  and  W.  N.  W. :  these  tfe 
called  slines ;  the  oblique  shorter  joints  are  called  cutters. 

From  what  will  be  stated  in  the  subsequent  chapters,  it  willtp* 
{)ear  that  there  is  more  than  one-third  of  England  in  which  il 
search  for  valuable  coal  is  useless  :  the  knowledge  of  a  negative 
fieict  becomes  important,  when  it  saves  us  from  loss  of  time,  eK' 
pense,  and  disappointment. 

Coal  strata  are  frequently  accompanied  by  thin  strata  of  iroB* 
stone.    This  stone  has  a  dark-brown  or  grey  colour,  and  has  tf 
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earthly  appearance  and  fracture,  and  is  abcmt  three  times  heavier 
than  an  equal  bulk  of  water.     Some  kinds  have  the  specific  grav- 
ity of  3.6.    Though  modern  mineralogists  call  tUs  mineral  cUy- 
ironstone  after  Werner,  from  its  resemblance  to  argillaceous 
stones,— on  analysis  it  is  found  to  contain  but  a  very  minute  por- 
tion of  alumine  or  pure  clay,  sometimes  not  more  than  two  per 
cent.    It  is  composed  principally  of  iron  combined  with  oxygen, 
carbonic  acid,  and  water,  and  a  small  quantity  of  silex,  and  in 
some  instances  with  calcareous  earth.    If  it  be  of  a  good  quality, 
it  yields  more  than  thirty  per  cent  of  iron.    In  some  of  the  beds 
of  clay  over  coal,  detached  nodules  of  ironstone  occur,  which  are 
also  smelted  for  iron. 

The  vast  extent  and  importance  of  our  iron-works  are  well 
known,  but  their  establishment  is  of  recent  date.  Formerly  our 
furnaces  were  on  a  diminutive  scale,  and  wood  or  charcoal  was 
the  only  fuel  employed ;  but  in  the  present  cultivated  state  of  the 
country,  wood  could  not  be  procured  in  requisite  quantity.  The 
application  of  coal  or  coke  to  the  smelting  of  iron  is  among  the 
most  useful  of  modern  improvements ;  but  it  is  only  some  kinds  of 
coal  that  are  proper  for  the  purpose.  Inattention  to  this  circum- 
stance has  frequently  led  landed  proprietors  to  great  and  unprof- 
itable expense.  Finding  ironstone  and  coal  in  abundance  upon 
there  estates,  they  have  constructed  furnaces  and  other  works  at 
a  considerable  cost,  and  have  discovered  too  late  that  the  coal, 
however  suitable  for  domestic  or  other  uses,  was  unfit  to  make 
iron  of  a  marketable  quality.  To  make  good  iron  from  the  best 
ironstone,  it  is  necessary  that  the  coal  should  be  as  free  as  possi- 
ble from  every  substance  with  which  sulphur  is  combined.  It 
should  possess  the  property  of  forming  a  hard  coke  or  cinder ; 
and  if  it  have  the  quality  of  cementing  or  caking,  it  is  the  more 
valuable,  as  the  small  coal  can  be  used  for  the  purpose  of  coking, 
which  is  frequently  wasted  where  it  does  not  possess  this  quality. 

Diflerent  opinions  have  been  formed  respecting  the  origin  of 
coal.  In  the  primary  and  transition  mountains,  u  particular  spe- 
cies of  coal  occurs  in  small  quantities,  which  is  extremely  hard 
and  splendent,  and  burns  without  smoke  or  flame,  and  is  called 
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by  mineralogists  Anthracite*,  and  it  clearly  resembles,  andtp* 
pears  to  pass  into  the  mineral  called  plumbago  or  graphite.    Cofli<' 
mon  coal  also  sometimes  graduates  into  plumbago.     Plumbago 
and  anthracite  are  so  completely  mineralized  as  to  present  no 
external  indications  of  a  vegetable  origin  ;  but  the  strata  over 
common  coal  abound  in  vegetable  impressions,  and  the  cortical 
part  of  the  vegetable  is  frequently  seen  converted  into  mineral 
coal.     It  is  not  often  that  vegetable  impressions  are  found  in  the 
coal  itself  but  some  of  the  regular  coal  beds  in  the  Dudley  coal- 
field, of  which  I  have  specimens  of  considerable  size  and  thick- 
ness,  are  composed  of  distinct  layers  of  vegetables  converted 
into  true  mineral  coal ;  but  when  separated,  preserving  the  dis- 
tinct cortical  impressions  of  plants  throughout  the  whole  thicknesi 
of  the  coal :  and  it  is  reasonable  to  believe,  that  all  the  coal  beds 
in  the  same  field  are  also  formed  of  similar  plants,  though  the  veg- 
etable impressions  may  be  efiaced.     Granting  that  common  coal 
is  originally  derived  from  the  partial  decomposition  of  vegetables, 
it  may  be  fairly  asked, — from  whence  did  the  vegetable  tribes 
originally  derive  the  carbon  of  which  their  solid  parts  are  prin- 
cipally composed  ?  Carbon  either  previously  existed  in  nature,  or 
trees  and  plants  had  the  power  of  forming  it  from  more  siinple 
elements.     Neither  of  these  opinions  is  improbable,  nor  are  they 
at  variance  with  each  other.     If  carbon  be  a  compound  8ul>> 
stance,  of  which  hydrogen  is  a  constituent  part,  it  may  be  formed 
by  the  process  of  vegetation,  or  it  may  exist  also  in  the  mineral 
kingdom,  independently  of  organic  productions.     That  carbon  it 
an  original  constituent  elementary  part  of  the  globe,  can  scarcely 
be  doubted,  when  we  consider  that  united  with  oxygen  it  is  aa 
important  constituent  part  of  all  limestone  mountains,  composing 
nearly  one  half  by  weight  of  their  substance,  or  44  of  carbonic 
acid  to  56  of  lime.     Now  the  qtiantity  of  carbon  when  separa- 
ted from  the  oxygen,  would  be  equal  to  one-eight  of  the  whole 
mass  of  limestone  ;  and  as  all  the  ancient  limestone  formations 
were  deposited  under  the  ocean,  we  cannot  suppose  that  this 


*  It  is  abundant  in  Pennsylvania  and  Rhode  Islnnd. — Am.  Ed. 
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carbon  was  derived  from  the  vegetable  kingdom.  Could  the  car- 
bon be  separated  from  the  limestone  in  the  great  calcareous 
ranges  of  the  Jura  and  the  Alps,  it  would  form  a  bed  of  pure 
carbon,  nearly  a  thousand  feet  in  thickness,  through  the  vast  ex- 
tent of  these  mountains :  and  were  we  forced  to  admit  that  this 
carbon  was  derived  from  organic  secretion,  we  should  rather  look 
to  the  animal  than  the  vegetable  kingdom  for  its  origin ;  as  no 
small  portion  of  many  calcareous  mountains  is  composed  of  an- 
imal remains,  and  calcareous  beds  are  forming  in  our  present  seas 
of  great  extent  and  thickness,  by  the  accumulation  of  shells 
and  coral. 

Bitumen,  which  is  composed  of  carbon  and  hydrogen,  is  known 
to  exude  from  the  lava  of  recent  volcanos ;  and  the  volcanic  tufa 
in  Auvergne,  which  covers  a  vast  extent  of  surface,  is  almost 
every  where  intermixed  with  bitumen.  In  hot  weather  I  have 
seen  it  trickling  out  of  the  tufa  in  considerable  quantities,  resem- 
bling melted  pitch.  As  the  ancient  volcanos  of  that  district 
broke  out  from  beneath  the  granite,  we  may  fairly  infer  that  the 
bitumen  which  abounds  in  the  volcanic  tufa  is  as  much  a  mineral 
substance  as  the  sulphur  which  accompanies  volcanic  eruptions, 
or  which  is  sublimed  from  the  vapours  of  quiescent  volcanos. 

Though  the  carbon  in  primary  mountains  may  be  derived  from 
the  mineral  kingdom,  there  can  scarcely  remain  a  doubt,  that 
wood-coal  and  common  coal  are  of  vegetable  origin.  Wood- 
coal,  or  brown  coal,  is  found  in  low  situations,  and  appears  to 
have  been  formed  of  heaps  of  trees  buried  by  inundations  under 
beds  of  clay,  sand,  or  gravel.  The  woody  parts  have  probably 
undergone  a  certain  degree  of  vegetable  fermentation,  under  the 
pressure  of  the  incumbent  earthy  matter,  by  which  they  have 
been  carbonized  and  consolidated.  In  some  specimens  of  this 
coal,  the  vegetable  fibre  or  grain  is  perceptible  in  one  part,  and 
the  other  part  is  reduced  to  coal.  The  vegetable  principles 
which  this  coal  contains,  united  with  bitumen  and  charcoal,  have 
been  already  stated.  In  black  or  common  coal,  the  vegetable 
extract  and  resin  are  destroyed,  and  the  charcoal  and  bitumen 
alone  remain ;  but  wood-coal  and  common  coal  bear  in  other 

16 


J  22  WOOD-COAL. 

respects  too  close  a  resemblance,  to  allow  us  to  ascribe  to  tbeot 
a  diflTercnt  origin,  though  they  were  probably  formed  from  diflEcr- 
ent  tribes  in  the  vegetable  kingdom,  and  under  different  ciremii' 
stances. 

Wood-coal  is  found  in  considerable  quantities  at  Bovey  Headi- 
field,  near  Exeter.  Several  beds  of  coal  are  separated  by  sfrata 
of  clay  and  gravel :  the  lowest  is  seventeen  feet  thick,  and  reib 
on  a  bed  of  clay,  under  which  is  ^nd  rcsembUng  sea  sand.  Tb 
coal  in  contact  with  the  clay  has  a  brown  colour,  and  appears  in- 
termixt  with  earth.  In  other  parts  the  lamin®  of  the  coal  audi- 
late  and  resemble  the  roots  of  trees :  in  the  middle  of  the  lowest 
stratum  the  coal  is  more  compact,  and  is  of  a  black  colour,  and 
nearly  as  heavy  as  comnnon  coal. 

A  great  repository  of  this  kind  of  coal  exists  near  Cologne :  il 
extends  for  many  leagues :  it  is  fifty  feet  in  thickness,  and  cover 
ed  with  a  bed  of  gravel  from  twelve  to  twenty  feet  deep.  Tmnki 
of  trees  deprived  of  their  branches  are  imbedded  in  this  coaf ; 
which  proves  that  they  have  been  transported  from  a  distance. 
Nuts,  which  are  indigenous  to  Hindostan  and  China,  and  a  fra- 
grant resinous  substance,  are  also  found  in  it.  A  similar  resioooi 
substance  occurs  in  the  Bovey  coal,  and  was  discovered  wicb  Ibs- 
sil  wood  in  cutting  through  Highgate  Hill.  Mr.  Hatchett»  by 
whom  it  was  analysed,  has  given  it  the  name  of  ret inasphaltaro. 

In  wood-coal  we  may  almost  seize  nature  in  the  fact  of  making 
coal,  before  the  process  is  completed.  These  formations  of  coal 
are  of  far  more  recent  date  than  that  of  common  coal,  though 
their  origin  must  be  referred  to  a  former  condition  of  the  globe, 
when  the  vegetable  productions  of  tropical  climates  flourished  is 
northern  latitudes.  The  vegetable  origin  of  common  minerd 
coal  appears  to  be  established  by  its  association  with  strata 
abounding  in  vegetable  impressions,  by  its  close  similarity  to 
wood-coal,  (which  is  undoubtedly  a  vegetable  product,)  and  last- 
ly, by  the  decisive  fact,  that  some  mineral  coal  in  the  Dudley 
coal-field,  is  entirely  composed  of  layers  of  mineralized  plants. 

But  though  the  vegetable  origin  of  mineral  coal  may  be  satis- 
factorily established,  there  is  considerable  difiiculty  in  conceiving 
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by  what  process  so  many  beds  and  seams  of  coal  have  been 
regularly  arranged  over  each  other  in  the  same  place,  and  sepa- 
rated by  strata  of  sandstone,  shale,  and  indurated  clay.    It  wiD 
tend  to  simplify  the  inquiry,  if  we  examine  a  coal-field  of  very 
limited  extent ;  such  as  those  which  occur  in  small  coal-basins 
called  swiUeys  on  the  hills  in  the  west  riding  of  Yorkshire,  and 
which  are  not  more  than  one  mile  in  length  and  breadth.     It 
seems  evident  that  these  basins  have  once  been  small  lakes  or 
marshes,  and  that  the  strata  have  been  deposited  on  the  bottom 
and  sides,  taking  the  concave  form  which  depositions  under  such 
circumstances  must  assume :  and  it  is  deserving  notice,  that  the 
stratum  of  coal  which  in  one  of  these  coal-basins  at  Hudswell  is 
a  yard  thick  in  the  lowest  part,  gradually  diminishes  as  it  ap- 
proaches the  edges,  and  then  entirely  vanishes.    This  foct  proves 
that  the  present  basin-shaped  position  of  the  strata  was  their 
original  one ;  and  that  the  basin  at  the  period  when  the  coal 
strata  were  formed,  was  a  detached  lake  or  marsh,  and  not  part 
of  the  be3  of  the  sea. 

It  lias  been  supposed  that  coal  strata  were  deposited  on  the 
bed  of  the  ocean ;  but  this  is  not  probable,  for  many  of  the  veg- 
etable species  whose  remains  are  found  in  these  strata,  are  of 
marsh  plants ;  and  some  of  the  species  of  ferns  are  land  plants, 
and  probably  grew  on  dry  land  surrounding  the  coal-basins  when 
they  were  lakes. 

There  is  also  a  stratum  of  imperfect  ironstone  or  highly  indu- 
rated shide  in  the  Yorkshire  and  Derbyshire  coal-fields,  called 
Musdebmd^  which  is  filled  with  shells  resembling  fireshwater  mus- 
cles :  and  though  there  may  be  shells  closely  allied  to  them  in 
form,  in  some  of  the  marine  limestones,  it  deserves  notice,  that 
the  substance  of  the  shells  in  the  coal  shale,  at  least  wherever  I 
have  seen  them  in  the  Northern  coal-fields,  has  that  cretaceous 
or  chalky  appearance  and  consistence,  which  I  have  observed  to 
be  peculiar  to  shells  in  what  are  regarded  as  undoubted  freshwa- 
ter formations. 

If  the  basins  in  which  the  coal  strata  are  deposited  were  orig- 
inally freshwater  lakes  or  marshes,— did  the  plants  whose  remains 
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compose  coal,  grow  where  the  coal  is  now  found  1  or  were  tbef 
carried  by  rivers  or  inundations  into  the  lakes,  and  gradually  de- 
posited as  the  water  evaporated  ?  The  former  is  perhaps  the  most 
probable  hypothesis ;  as  there  is  reason  to  believe  that  the  veg- 
etables were  principally  species  of  reeds  or  aquatic  plants :  md 
the  occurrence  of  the  same  peculiar  kind  of  fire  clay  under  eack 
bed  of  coal,  favours  the  opinion,  that  this  was  the  soil  proper  fa 
the  production  of  those  plants  from  which  coal  has  been  formed 
If  we  suppose  that  these  lakes  were  periodically  laid  dry,  Mmi 
again  filled  by  sudden  inundations,  we  shall  have  the  conditjooi 
required  for  the  succession  of  carbonaceous  and  earthy  strata 
that  take  place  in  a  coal-field :  a  repetition  of  such  inundationi 
would  fill  up  the  lake  or  basin.  Nor  can  such  a  suppositioo  ap- 
pear improbable ;  for  as  the  species  of  plants  whose  remains  are 
found  in  the  coal  strata  are  analogous  to  those  of  warm  climatei, 
we  may  infer,  that  in  a  former  condition  of  the  globe,  these  Nnrtii- 
cm  latitudes  had  the  temperature  of  tropical  regions,  and  also 
the  hot  and  rainy  seasons  which  promote  tlie  rapid  g^wtk  of 
vegetation,  and  occasion  periodical  inundations. 

In  large  coal-basins,  where  the  coal  occurs  in  beds  from  aioc 
to  thirty  feet  in  thickness,  we  can  scarcely  conceive  it  poOTible, 
that  a  mass  of  vegetable  matter  sufficiently  large  to  form  siitcii 
beds,  can  have  l>een  collected  in  one  season  :  these  thick  beds 
are,  however,  almost  always  divided  by  thin  seams  of  clay.  The 
thirty  feet  coal  of  Staffordshire  is  composed  of  thirteen  difiereot 
beds,  which,  having  but  thin  partings,  are  regarded  as  ooe  bed 
The  thirteen  feet  bed  of  coal  at  Ashby  Wolds  is  composed  of 
two  or  more  beds  of  different  qualities. 

It  is  probable  that  some  of  the  coal  strata  in  large  coal-baskis 
have  been  formed  by  the  accumulation  of  vegetable  matter  cs^ 
ricd  down  by  inundations,  and  gradually  deposited  in  the  bottom 
of  lakes.  Very  thin  seams  of  coal  sometimes  alternate  with  the 
shale  lying  between  two  large  beds  of  coal.  I  have  on  the  table  be- 
fore me,  a  mass  from  the  Dudley  coal-field,  in  which  part  of  two 
beds  of  ciml  are  separated  by  a  stratum  of  indurated  clay  or 
shale  about  two  inches  in  thickness ;  and  this  stratum  of  sbalt 
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contains  more  than  twenty  seams  of  coa],  none  of  which  exceed 
the  thickness  of  a  wafer,  but  the  coal  seams  are  distinctly  sepa- 
rated from  each  other  by  seams  of  shale.  These  thin  seams  of 
coal  ami  shale  were  probably  formed  by  the  alternate  deposition 
of  leaves  or  minute  aquatic  plants  floating  on  the  water,  with  the 
earthy  particles  mechanically  suspended  in  it  In  very  large  coal- 
fields, the  original  form  of  tho  basin  or  lake  in  which  the  strata 
ivere  deposited,  is  sometimes  nearly  effaced  by  faults  and  disloca- 
tions, which  have  raised  or  cast  down  the  strata  several  hundred 
feet ;  but  in  the  smaller  basins  or  coal-fields,  the  original  form  is 
often  distinctly  preserved. 

The  plants  whose  remains  are  found  in  coal-fields  possess  little 
ligneous  internal  matter,  but  appear  to  belong  chiefly  to  species 
of  reeds  and  succulent  vegetables ;  the  stems  of  the  larger  plants 
being  either  pressed  flat,  or  filled  with  sandstone,  ironstone,  or 
indurated  clay,  without  any  vestige  of  organization  except  the 
pith,  the  form  of  which  is  preserved  in  many  of  the  large  stems. 
In  some  places,  where  sections  are  made  in  sandstone  strata  ac- 
companying coal,  instances  of  fossil  stems  of  large  plants  occur 
in  a  vertical  position;  In  fiurntwood  quarry  at  Althouse,  near 
Wakefield  in  Yorkshire,  several  vertical  stems  of  large  magnitude 
have  been  found.  One  stem  which  I  measured  in  the  quarry 
was  nine  feet  in  length  and  ten  inches  in  thickness ;  but  what  is 
remarkable,  this  stem  cut  through  three  strata  of  sandstone,  par- 
ted by  regular  strata  seams :  it  had  therefore  probably  grown  in 
the  situation  where  it  stood  ;  for  it  is  diflicult  to  believe  that  any 
vegetable  stem  could  pierce  through  three  strata  of  sandstone, 
the  lower  of  which  at  least  must  have  been  partly  consolidated. 
This  fact  further  proves,  that  tho  strata  were  deposited  rapidly, 
before  the  decomposition  of  the  stem  could  be  efiected. 

The  diflliculty  in  explaining  the  conversion  of  vegetable  matter 
into  coal,  has  been  in  a  great  measure  removed,  by  the  luminous 
observations  and  experiments  of  Dr.  MacCulIoch,  on  wood  in  its 
different  states  of  bituminizntion,  from  submerged  wood,  to  peat, 
brown  coal,  surturbrand,  and  lastly  to  jet,  in  which  the  traces  of 
organization  are  nearly  destroyed.    These  substances,  which  have 
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been  only  subjected  to  the  action  of  water,  all  jrield  bitunen 
by  gentle  distillation :  but  they  differ  from  mineral  coal,  by  yMd- 
ing  also  a  large  portion  of  acetic  acid,  which  marks  the  remaini 
of  undecayed  vegetable  substances.  Common  coal  has  forraeriy 
been  regarded  as  a  combination  of  charcoal  with  bitumen ;  bol 
as  bitumen  is  itself  a  combination  of  carbon  with  hydrogen.  Dr. 
MacCulloch  says,  it  will  be  more  proper  to  consider  coal  as  a 
bitumen,  varying  in  its  composition  from  the  fattest  NewcaUk 
coal  to  the  driest  Kilkenny  coal,  aiui  owing  its  compactness  to 
the  peculiar  circumstances  under  which  it  has  been  formed,  the 
changes  it  may  have  subsequently  undergone,  and  the  substanees 
intermixed  with  it.  The  power  of  yielding  naptha  by  distillatkw, 
is  the  distinction  between  one  end  of  the  series  and  the  other. 
The  last  link  (anthracite,)  contains  only  carbon  ;  so  the  last  re> 
suit  of  the  distillation  of  asphaltum  is  also  carbon. 

To  convert  wood-coal  or  jet  into  true  coal,  some  further  pro- 
cess than  long  submersion  in  water  seems  necessary.  The  latter 
substance,  jet,  was  reduced  to  powder,  and  put  into  a  gun-barrd 
and  covered  close  with  Stourbridge  clay ;  it  was  then  exposed  to 
a  moderate  red  heat.  By  this  process,  it  was  converted  into  t 
substance  having  all  the  external  characters  and  chemical  prop- 
erties of  true  mineral  coal,  and  the  clay  was  converted  into  coal 
shale.  But  though  in  the  laboratory  of  the  chemist  the  last  stage 
of  the  formation  of  coal  requires  artificial  fire,  yet  in  the  great 
laboratory  of  Nature,  vegetable  fermentation  and  coropressioD, 
may  evolve  sufficient  heat  for  the  ultimate  formation  of  mineral 
coal.  It  may  however  deserve  notice,  that  most  great  repositO' 
ries  of  coal  are  intersected  by  beds  and  dykes  of  basalt,  which  if 
now  admitted  to  be  of  igneous  origin.* 

Pressure  and  time  alone  may  be  sufficient  to  produce  the  de- 
struction of  vegetable  organization,  and  the  perfect  consolidatiofi 


*  At  Mcisncr  in  Hesse,  a  thick  bed  of  wood-coal  or  lignite  is  covered  by  an  enor- 
mouf  mass  of  basalt,  and  is  only  separated  from  it  by  a  thin  bed  of  cUy.  The  upper 
parts  of  the  lignite  arc  converted  into  anthracite  and  even  into  true  bituminooi  coA, 
while  the  lower  parts  are  formed  of  earthy  and  fibrous  wood-coal. 
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of  beds  of  coal,  as  is  proved  by  the  complete  consolidation  of 
loose  materials  left  in  coal  mines,  when  the  supports  are  removed 
and  the  upper  strata  sink  down.  In  a  few  years  scarcely  a  trace 
of  former  operations  remains.  In  contemplating  natural  causes, 
we  are  too  apt  to  measure  their  power  by  the  results  of  artificial 
processes,  and  by  observations  continued  for  a  short  portion  of 
human  life.  The  substances  found  in  the  neglected  vessels  of 
the  chemist,  often  prove  to  us  that  changes  in  the  physical  prop- 
erties of  bodies  are  effected  by  time,  which  it  would  be  difficult 
to  imitate  in  common  experiments. 

The  great  coal  formation  appears  to  be  confined  to  the  lower 
secondary  strata,  generally  resting  on  transition  limestone.  In 
some  situations,  the  under  transition  rocks  are  wanting,  and  the 
series  of  coal  strata  rest  on  granite,  with  the  intervention  of  a 
thick  bed  of  conglomerate.  No  mineral  coal,  both  good  in  qual- 
ity and  abundant  in  quantity,  has  ever  been  found  either  in  the 
primary  or  in  the  lower  transition  rocks,  or  in  the  upper  secon- 
dary or  the  tertiary  strata.  It  is  true,  that  in  the  oolite  of  the 
upper  secondary  strata,  some  strata  of  imperfect  coal  occur  on 
the  eastern  moorlands  of  Yorkshire,  which  are  thought  of  suffi- 
cient importance  to  be  worked ;  but  the  coal  is  very  indifferent, 
and  is  chiefly  used  by  the  lime-burners.  The  Kimmeridge-clay 
in  the  oolites,  also  contains  beds  of  shale  impregnated  with  bitu- 
men, which  is  used  as  fuel  in  a  country  where  coal  is  extremely 
dear.  The  wood-coal  of  Bovey  Heathfield  has  been  already  no- 
ticed. I  may  state,  in  addition,  that  I  visited  the  mine  in  1815 : 
it  is  worked  like  an  open  quarry ;  it  had  been  for  some  years  pre- 
viously under  water,  but  was  then  laid  dry  by  pumps.  There  are 
several  irregular  beds  of  lignite  or  wood-coal  alternating  with 
what  is  called  dead  coal,  which  is  less  inflammable,  and  resem- 
bles a  bituminous  shale ;  the  beds  wedge  out  narrow  as  they  de- 
scend. The  whole  mass  is  more  or  less  bituminized :  but  the 
upper  part,  which  preserves  the  woody  structure  more  perfectly, 
seems  principally  composed  of  clay.  Sulphate  and  carbonate  of 
iron  occur  in  some  part  of  the  beds,  and  rounded  pieces  of  mal- 
tha.   Wood-coal  occurs  chiefly  in  diluvial  deposits.    Where 
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wood-coal  occurs  with  overlying  basalt,  it  is  conTerted  into  a 
stance  more  nearly  resembling  mineral  coal.    This  has  been 
called  by  the  German  geologists  the  floetz  trap  formation.     This 
coal  occurs  in  Iceland,  in  the  north  of  Ireland,  and  in  many  bar 
saltic  districts  on  the  continent.     Before  concluding  this  brief 
count  of  imperfect  coni  lormations,  out  of  the  limits  of  tlie 
lar  coal  formatirm,  I  would  direct  the  attention  of  geologists  ts 
two  situations,  in  wliich  coal  is  found,  that  are  well  deserving  of 
notice.     The  first  is  tiie  mine  of  Entrf'vcines,  situated  in  a  niou^ 
tain  valley  about  2000  feet  above  the  lake  of  Annecy,   and  il 
least  3500  feet  above  the  level  of  the  sea.     The  bed  of  coal  cob- 
sists  of  three  minor  beds,  separated  by  thin  seams  of  clay  varyiog 
in  thickness,  yielding  about  four  feet  of  good  coal,  which  has  ike 
character  and  fracture  of  mineral  coal;  it  i<«  shinin::,  does  not 
soil  the  fingers,  and  is  highly  bituminou»i,  being  exrliisiveiy  used 
for  the  gas  lights  in  the  cotton  mills  at  Annecy.    Tiie  total  thick- 
ness of  the  sandstone  shale  and  coal  strata,  which  compose  the 
coal  formation  in  this  place,  is  about  one  hundred  and  f\(iy  yards; 
they  are  placed  between  thick  beds  of  limestone,  and  dip  togeth- 
er at  an  nii2;le  of  about  seventy  degrees.     It  is  worthy  of  obser- 
vation, that  the  limestone  beds  above  and  below  the  coal  forma- 
tion, have  the  hardness,  fracture,  translucency,  and  appearance 
of  the  transition  limestone  at  Plymouth;  yet  in  another  part  of 
the  mountain,  the  same  limestone  is  associated  with  a  bed  of  dark 
clay,  containing  gryphites  and  belemnites,  clearly  indicating  that 
the  bed  was  analagous  to  our  lias  or  clunch  clay ;  and  that  the 
limestone  associated  with  it,  notwithstanding  its  mineral  charac- 
ter, belonged  to  the  upper  secondary  strata ;  and  hence  that  the 
coal,  in  geological  position,  agreed  with  the  imperfect  coal  for- 
mations in  the  English  oolites.     Here  then  we  have  a  further 
proof  of  what  has  before  been  stated,  that  in  the  calcareous  for- 
mations of  the  Alps,  ttic  upper  secondary  strata  lose  the  soft  and 
earthy  character  which  distinguish  the  oolites  and  chalk  in  Eng- 
land, and  are  convened  into  marble.     The  cool  also,  which  is 
very  imperfectly  formed  in  the  English  oolite,  has  in  the  same 
limestone  formation  in  the  Alps,  the  character  of  true  mineral 
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coal.   A  BtiU  more  remarkable  coal  formation  occurs  at  Alpnach, 
near  the  lake  of  Lucerne  in  Switzerland,  where  a  bed  of  coal  is 
found  at  the  depth  of  two  hundred  and  eighty  feet  from  the  sur- 
face :  over  the  coal,  there  is  a  stratum  of  bituminous  limestone 
containing  fluviatile  shells,  and  bones  and  teeth  of  the  large 
mammalia,  particularly  the  teeth  of  a  species  of  mastodon.    The 
specimens  which  were  shown  me  by  Professor  Meissner  of  Berne, 
on  my  return  from  the  Swiss  Alps,  made  me  regret  excccriiiigly 
not  having  visited  Alpnach.    Notwithstanding  the  occurrence  of 
the  bones  of  large  land  quadrupeds  in  the  stratum  over  the  coal, 
the  coal  approaches  in  character  nearly  to  mineral  coal,  and  the 
strata  of  micaceous  sandstone  and  shale  above  it,  have  a  close 
resemblance  to  those  in  our  English  coal-fields :  and  though  from 
the  organic  remains,  we  are  compelled  to  place  the  coal  of  Alp- 
nach among  the  tertiary  strata,  or  to  admit  the  occurrence  of  an 
anomalous  formation  like  the  one  atStonesfield,  still  I  believe  the 
true  geological  position  of  the  coal  of  Alpnach  is  problematical; 
and  it  deserves  the  particular  attention  of  some  English  geolo- 
gist, well  acquainted  with  the  different  coal-fields  in  his  own  coun- 
try, and  the  lignite  formations  in  different  parts  of  Europe. 

It  will  be  seen  by  a  reference  to  the  Geological  Map,  and  the 
Chapter  containing  an  Outline  of  the  Geology  of  Englan'l,  tlmt 
there  is  a  considerable  part  of  South  Britain  where  coal  hiw  not 
been  found.  Two  important  questions  may  be  u^ked  ; — i\n  the 
coal  strata  extend  under  the  parts  where  coal  lias  not  yet  l>con 
discovered  ?  And  if  they  do  extend  beyond  llieir  prnsent  kii'iun 
limits, — what  practicable  means  can  be  employed  to  obtai:!  ;iic 
coal?  With  respect  to  the  first  question — it  is  well  asct  rtainod 
by  boring,  that  the  coal  strata  do  in  some  places  extiMid  uii  ler 
the  maguesian  Umestone,  by  which  tlicy  are  immediately  an  trad 
in  some  of  the  northern  counties ;  though  it  was  formorly  suppo- 
sed, that  the  coal  terminated  before  it  reached  the  niagmrsian 
limestone,  or  was  there  cut  off  by  a  fault.  In  a  considerable  part 
of  England,  the  coal-fields  are  immediately  covered  by  what  is 
called  the  red  marie  or  new  rcrl  sancistone;  but  there  w'"  !)ut 
few  situations  where  the  red  marie  and  sandstone  has  been  »unk 
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through  for  coal.  I  am  however  decidedly  of  Ofmiion,  tkai 
the  red  marie  adjacent  to  the  coal  districts  id  my  native 
Nottinghamshire,  the  regular  coal  strata  would  be  found  ; 
that  there  is  a  high  degree  of  probability,  that  rock  salt  ot 
springs  will  be  found  in  the  red  marie  itself,  particularly  in 
parts  of  the  county  where  beds  of  massive  gypsum  occur.  T^\ 
same  remark  might  be  extended  to  the  red  marie  and  aandelsqp: 
districts  adjoining  coal  strata  in  Derbyshire,  Leicealeiahiiev  ai||' 
Warwickshire.  In  confirmation  of  the  opinioo  here 
a  saline  spring  has  very  recently  been  discovered  about  Cmv 
north-west  of  Nottingham ;  and  coal  has  been  lately  found 
the  red  marie  and  sandstone  on  the  south  side  of  Chamwoc|^  ;; 
Forest,  where  it  had  not  before  been  suspected  to  exist.  It  Mf  f; 
however  be  proper  to  say,  that  no  search  of  this  kind  by  bovfl^  ' 
should  be  undertaken  by  any  one,  to  whom  the  expenae  in  ciH^  [ 
of  failure  would  be  a  serious  inconvenience. 

The  dip  and  direction  of  the  strata  in  the  coal-fields  nearast  to 
the  estate  where  the  search  is  to  be  made,  should  be  well 
If  the  strata  dip  towards  the  estate,  it  is  probable  the  coal 
extend  under  it :  if  they  dip  from  it,  the  search  should  not  beaar 
dertaken.     To  make  this  intelligible,  see  Plate  3.  fig.3.>L-ni& 
are  a  scries  of  coal  strata,  or,  as  they  are  provincially  caD^  oqal 
measures,  dipping  toward  the  side  b.     c.  c.  c.  are  strata  of.  led 
maric  or  sandstone,  lying  unconformably  over  the  coal  ilrata-- 
Now  according  to  this  arrangement,  a  search  for  coal  mi^itba 
successful,  though  the  bed  might  be  at  too  great  a  depth  to  ba 
worked.     Whereas  on  an  estate  at  d,  as  the  coal  strata  dip  fraa 
it,  were  we  to  bore  to  the  centre  of  the  earth,  we  could  never  fiai 
the  beds  t.  2.  3.  4.     If  the  estate  b  is  situated  a  considerable  dii- 
tance  from  a  known  coal-field,  the  strata  of  coal  may  bend  si 
represented  Plate  4.  fig.  2.  and  crop  out  before  they  reach  the 
station  where  the  trial  is  made ;  and  as  the  outcrop  is  covered  bf 
the  red  sandstone,  this  cannot  be  known  but  by  trial. 

Rock  salt  or  brine  springs  arc  most  likely  to  be  found  in  the 
vicinity  of  massive  gypsum,  without  regarding  the  stratification. 
As  for  the  districts  where  the  upper  secondary  strata  of  lias, 
oolite,  and  chalk  occur,  all  search  for  the  regular  coal  strata 
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must  there  be  fruitlera ;  as  the  vast  thickness  of  these  calcareous 
formations  precludes  the  hope  of  success. 

Coal  mines,  it  is  well  known,  are  subject  to  fatal  explosions  of 
what  is  called  the  fire-damp,  or  carburetted  hydrogen  gas.  This 
gas  appears  to  be  generated  by  the  decomposition  of  iron  pyrites 
in  coal,  and  may  often  be  heard  issuing  from  the  fissures  in  coal 
beds  with  a  bubbling  noise,  as  it  forces  the  water  out  along  with 
It  The  choke  damp,  as  it  is  called,  is  either  carbonic  acid  gas, 
(fixed  air,)  or  the  unrespirable  residue  of  air  left  after  explosions, 
when  all  the  oxygen  is  consumed.  In  the  Appendix  will  be  given 
iome  observations  on  the  ineffective  means  hitherto  adopted,  to 
prevent  the  frequent  recurrence  of  fatal  accidents  in  coal  mines. 

The  regular  or  great  coal  formation,  has  never  been  discovered 
at  a  very  considerable  elevation  above  the  level  of  the  sea :  it 
generally  is  found  towards  the  feet  of  great  mountain  chains,  or 
in  the  valleys  near  to  lofty  mountain  ranges.  The  geology  of 
large  portions  of  the  globe  is  still  unknown  ;  but  it  appears  from 
those  parts  with  which  we  are  acquainted,  that  coal  is  found  prin- 
cipally in  temperate  regions,  between  thirty-five  and  sixty-five  de- 
grees of  latitude.  In  Europe, — Great  Britain,  France,  Flanders. 
and  Germany,  (particularly  Silesia,  Saxony,  Bohemia,  and  Thu- 
nngia,)  contain  large  coal  formations ;  but  in  the  southern  and 
more  northern  parts  of  Europe,  coal  is  of  rare  occurrence.  In 
North  America,  coal  is  found  in  great  abundance  on  the  western 
«de  of  the  Alleghany  mountains;  near  Pittsburg  in  Pennsylvania,^ 
the  beds  of  coal,  I  am  informed,  are  of  great  extent,  and  are  so 
nearly  horizontal,  that  in  one  situation  the  bed  of  a  river  is  formed 
for  several  miles  in  the  same  stratum  of  coal.  Coal  has  been  dis- 
covered in  New  Holland.  The  only  great  coal  formations  in 
Asia  that  we  know  of  are  in  China,  where  coal  is  described  as 
existing  in  large  quantities,  and  as  being  extensively  used  for  fuel 
in  that  vast  empire. 

As  France  will  probably  continue  to  be  for  many  centuries  our 
great  manufacturing  rival,  it  is  interesting  to  know,  what  are  her 
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resources  for  the  supply  of  an  article  fouDcl  so  etsentia]  to 
all  the  principal  manufactures  of  Great  Britain.  Before  the  bM 
peace,  forty-seven  of  the  departments  contained  coal  difltridi^ 
and  the  annual  consumption  was  stated  to  be  about  five  milfiM 
tons  ;  but  a  great  part  of  the  rich  and  extensive  coal-field,  ci- 
tcnding  from  Valenciennes  to  Aix-la-Chapelle,  was  compriied  ■ 
that  part  of  Flanders,  which  was  separated  from  France  at  ths. 
peace.  There  are,  however,  extensive  coal  districts  in  the  nordh 
eastern,  the  westorn,  the  middle,  and  the  southern  parts  of  FraDesu 
Two  miles  from  Lvons  there  are  coal  mines;  and  the  coal  of  flL 
Etienne,  about  twenty  miles  north-west  of  Lyons,  is  of  the  nqf 
best  quality,  and  well  suited  for  the  manufacture  of  iron.  Id  Am^ 
year  1822,  when  I  passed  through  that  country,  many  EngU 
workmen  were  employt^d  in  the  iron  works,  which  were  rapkflfK 
increasing.  It  cannot  l>e  doubted  that  France  possesses  eieif 
advantage,  from  its  soil,  its  climate,  and  its  mineral  resooteei^ 
which  a  great  manufacturing  nation  can  require. 

OBSERVATIONS  ON  THE  PERIOD  WHEN  THE  COAL  MINES  IV  KHOLAVD 

WILL  BE  EXHAUSTED. 

Coal  was  known,  and  partially  used,  at  a  very  earlj  period  of  our 
history.     1  was  informed  by  the  late  Marquis  of  Hastings,  that  stooe 
hammers  and  stone  tools  were  found  in  some  of  the  old  woriiings  ia 
hi^  mines  at  Ashby  Wolds ;  and  his  Lordship  informed  me  also,  thai 
similar  stone  tools  had  been  discovered  in  the  old   workings  in  tlie 
coal  mines  in  the  north  of  Ireland.     Hence  we  may  infer,  that  tbcw 
coal  mines  were  worked  at  a  very  remote  period,  when  the  use  sf 
metallic  tools  was  not  general.     The  burning  of  coal  wns  prohibited 
in  London  in  the  year  1308,  by  the  royal  proclamation  of  Edward  tlie 
First.    In  the  reign  of  Queen  Elizabeth,  the  burning  of  coal  was  again 
prohibited  in  London  during  the  sitting  of  parliament,  lest  the  heaitk 
of  the  knights  of  tlie  shire  should  ^ulfcr  injury  during  their  abode  in 
the  mefropoli!a.     In  the  year  1G43,  the  use  of  coal  had  become  tn 
gcno.nil,  and  tin'.-  prico  being  then  very  high,  many  of  the  poor  are 
said  to  h^vo  perished  for  want  of  fuel.     At  the  present  day,  when 
the  consumption  of  coal,  in  our  iron-furnaces  and  manufactories  and 
for  donie^'tic  u(«(\  is  immeu'^c.  we  rnonot  but  regard  the  exhaustion  of 
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•ur  coal  beds,  as  involving  the  destruction  of  a  great  portion  of  our 
private  comfort  and  national  prosperity  Nor  is  the  period  very  re- 
mote ivhen  the  coal  districts,  *vbich  at  present  supply  the  metropolis 
wuh  fuel,  will  cease  to  yield  any  more.  The  annual  quantity  of  coid 
shipped  in  the  rivers  Tyne  and  Wear,  according  to  Mr.  Bailey,  ex- 
ceeded three  million  tons.  A  cubic  yard  of  coal  weighs  nearly  one 
ton,  and  the  number  of  tons  contained  in  abed  of  coal  one  square  mile 
in  extent  and  one  yard  in  thickness,  is  about  four  millions.  The 
number  and  extent  of  all  the  principal  coal  beds  in  jXorthumberlund 
and  Durham  is  known ;  and  from  these  data  it  has  been  calculated, 
that  the  coal  in  these  counties  will  last  360  years.  Mr.  Bailey  in  his? 
Survey  of  Durham  states,  that  one-third  of  the  coal  being  already  got, 
the  coal  districts  will  be  exhausted  in  200  years.  It  is  probable  that 
many  beds  of  inferior  coal,  which  are  now  neglected,  may  in  future 
be  worked;  but  the  consumption  of  coal  being  greatly  inrrea><ed  since 
Mr.  Hailey  published  his  Survey  of  Durham,  we  may  admit  his  calcu- 
lation to  be  an  approximation  to  the  truth,  and  that  the  coal  of  North- 
umberland and  Durham  will  be  exhausted  in  a  period  not  greatly  ex- 
ceeding two  hundred  years.  Dr.  Thomson,  in  the  Annals  of  Philoso- 
phy, has  calculated  that  the  coal  of  these  districts,  at  the  present  rate 
of  consumption,  will  last  1000  years;  but  his  calculations  are  founded 
on  data  manifestly  erroneous,  and  at  variance  with  his  own  state- 
ments: for  he  assumes  the  annual  consumption  of  coal  to  be  only  two 
million  eight  hundred  thousand  tons,  and  the  waste  to  be  one-third 
more, — making  three  million  seven  hundred  thousand  tons,  (!(|«ial  to 
as  many  square  yards;  whereas  he  has  just  before  informed  n«,  that 
two  million  chaldrons  of  coal,  of  two  tons  and  a  quarter  each  chaldron, 
are  exported,  making  four  million  dve  hundred  thousand  ton-,  be^^ide 
inland  consumption,  and  waste  in  the  working*  According  to  Mr. 
"Winch,  three  million  five  hundred  thousand  tons  of  coal  are  consuined 
annually  from  these  districts;  to  which,  if  we  add  the  waste  of  small 
coal  at  the  pit*s  mouth,  and  the  waste  in  the  mines,  it  will  make  the 
total  yearly  destruction  of  coal  nearly  double  the  cjuantity  a-s.gned 
by  Dr.  Thomson.     Dr.  Thomson  has  also  greatly  overrated  the  quan- 


*  Tlic  waste  of  coal  at  the  pit's  mouth  may  be  st  itod  at  one-sixth  of  the  quantify 
jiold,  ;ind  that  left  in  the  uiines  at  one-third.  Mr.  floimes..  in  hU  Trratiso  on  Coa! 
Mines,  ^tateis  the  waste  of  ftmall  coal  at  the  pit's  mouth  tq  be  one-fourth  of  the 
whole. 
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tity  or  tlic  coal  in  these  districts,  as  he  has  cakalated  the  ezteatcf 
llie  principal  beds  from  that  of  the  lowest,  which  is  emmeow;  tit 
many  of  the  principal  beds  crop  out,  before  thej  reach  the 

termination  of  the  coaUfielJs.     With  due  allowance  for  the* ,  ^ 

and  for  the  quantity  of  coal  already  worked  out,  (which  accordnfli  '.i 
Mr.  Hailcy  is  about  one-third,)  the  1000  years  of  Dr.  rThooiaoB  vfl  ] 
not  greatly  exceed  the  period  assigned  by  Mr.  Bailey  for  the  cs^  i 
plcto  exhaustion  of  coal  in  these  counties,  and  may  be  stated  at  tlBi  ii 
hundred  and  ^i\y  years. 

It  cannot  be  deemed  uninteresting  to  inquire  what  are  the 
rics  of  coal  that  can  supply  the  metropolis  and  the  southern 
when  no  more  can  be  obtained  from  the  Tyne  and  the  Wear. 
only  coal-fields  of  any  extent  on  the  eastern  side  of  England  butwwa  j 
London  and  Durham,  arc  those  of  Derbyshire  and  those   in  the  wtfl  "l 
riding  of  Yorkshire.     The  Derbyshire  coal-field  is  not  of  rafidiil  I 
magnitude  to  supply,  for  any  long  period,  more  than  is  required  fv  1 
home  coHHumption,  and  that  of  the  adjacent  counties.     Xhere  Hi 
many  valuable  beds  of  coal  in  the  western  part  of  the  weat  ridi^af 
Yorkshire  which  are  yet  unwrought;  but  the  time  is  not  verjdMnI 
H-heii  they  must  be  put  in  requisition,  to  supply  the  vast  denani  «f 
that  populouis  manufacturing  county^  which  at  present  consumea  oaa^ 
1y  all  the  produce   of  its  own  coal  mines.     In  the  midiand  countiaif 
Stiitfordshire  possesses  the  nearest  coal  district  to  the  metiopoliiy  of 
any  u:reat  extent;  but  such  is  the  inunense  daily  consumptioa  of  ooel 
ill  tlie  iron  tnrntices  and  foimderies,  that  it  is  generally  belieTed  this 
will  1)0  the  (ii*st  of  our  own  coal-fields  that  will  be  exhausted.    Tkt 
ihirty-feel  bed  of  coal  in  the  Dudley  coal-field  is  of  limited  ezteet; 
;ind  in  the  prej^ent  mode  of  working  it,  more  than  two-thirda  of  the 
coal  is  wasted  and  left  in  the  mine. 

It'  we  look  to  Whitehaven  or  Lancashire,  or  to  any  of  the  miaor 
t'oal-lields  in  the  west  of  England,  we  can  derive  little  hope  of  their 
bcinp^  able  to  i^upply  London  and  the  southern  counties  with  coal,  at 
tcr  the  import  of  coal  fails  from  Northumberland  and  Durham.  We 
may  thus  anticipate  a  period  not  very  remote,  when  all  the  Engliih 
minc«i  of  coal  <ind  ironstone  will  be  exhausted:  and  were  we  dispoied 
to  indulge  in  gloomy  forebodings,  like  the  ingenious  authoress  of  the 
*'  Last  Man,"  we  might  draw  a  melancholy  picture  of  our  star?inf 
and  declining  population,  and  describe  some  manufacturing  patriarch. 
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like  the  late  venerable  Richard  Reynolds,  traveUing  to  see  the  last 
expiring  English  furnace,  before  he  emigrated  to  distant  regions.* 

Fortunately,  however,  we  have  in  South  Wales,  adjoining  the  Bris- 
tol Channel,  an  almost  exhaustless  supply  of  coal  and  ironstone,  which 
are  yet  nearly  unwrougbt.  It  has  been  stated  in  the  present  chapter, 
that  this  coal-field  extends  over  about  twelve  hundred  square  miles, 
and  that  there  are  twenty-three  beds  of  workable  coal,  the  total  ave- 
rage thickness  of  which  is  ninety-five  feet,  and  the  quantity  contain- 
ed in  each  acre  is  100,000  tons,  or  65,000,000  tons  per  square  mile. 
If  from  this  we  deduct  one  half  for  waste,  and  for  the  minor  extent 
of  the  upper  beds,  we  shall  have  a  clear  supply  of  coal,  equal  to 
32,000,000  tons  per  square  mile.  Now  if  we  admit,  that  the  five 
million  tons  of  coal  from  the  Northumberland  and  Durham  mines  is 
equal  to  nearly  one-third  of  the  total  consumption  of  coal  in  England, 
each  square  mile  of  the  Welch  coal-field  would  yield  coal  for  two  ycars^ 
consumption ;  and  as  there  are  from  one  thousand  to  twelve  hundred 
square  miles  in  this  coal-field,  it  would  supply  England  with  fuel  for 
two  thousand  years,  aAer  all  our  English  coal  mines  are  worked  out. 

It  is  true,  that  a  considerable  part  of  the  coal  in  South  W^ales  is  of 
an  inferior  quality,  and  is  not  at  present  burned  for  domestic  use ;  but 
in  proportion  as  coal  becomes  scarce,  improved  methods  of  burning  it 
will  assuredly  be  discovered,  to  prevent  any  sulphurous  fumes  from 
entering  apartments,  and  also  to  economize  the  consumption  of  fuel 
in  all  our  manufacturing  processes. 


N.  B.  These  observations  are  taken  from  one  of  the  author's  s^cu- 
logical  lectures,  which  he  has  occaj>ionally  delivered  in  h^onie  of  the 
principal  mining  districts  in  England :  considering  the  great  national 
Importance  of  our  coal  mines,  he  trusts  he  shall  be  excused  ior  insert- 
ing them  in  the  present  volume. 


*  The  late  Richard  Rc>'nolfl«i,  Esq.  of  Bristol,  w  distinguished  for  his  unbounded 
benevolence,  was  the  original  piuprietor  of  the  great  iron-works  in  Colebrodk  Dale.. 
Shroptihirc.  Owing,  I  believe,  partly  to  the  exhaustion  of  the  l>est  workable  bed-*  ot 
coal  and  ironstone,  and  partly  to  the  superior  advantages  posses<ied  by  the  iron-found* 
en  in  South  WuIch,  the  works  at  Colcbrook  Dale  were  finally  relimiui.sbed,  a  >bort 
time  licfore  the  <leath  of  Mr.  Reynolds.  With  a  natural  attachment  to  the  scene.* 
where  he  had  passed  his  early  years,  and  to  the  pursuits  by  which  he  had  honor j My 
acf|uired  his  great  wealth,  he  travelled  from  Bristol  into  Shropshire,  tu  be  po'scnt 
whi-n  the  last  of  his  furnaces  was  extinguirihcd,  in  a  valley  where  they  had  been 
continually  burning  for  more  than  half  a  centur}*. 


CHAPTER  IX. 

ox  INCONFORMAHLE  lUKKS  OP  PORPHYRY,  TRAP  AND  BASALT, 

AND  ON  BASALTIC  DYKES. 

The  difTifiH^nt  Positions  of  Conformable  ami  Unconformable  MaAsdve  Rorla  diMii 
eil. — Opinionsi  re>peciin(;  the  Fonimtion  of  rnconftirmable  Miu^ire  Rocki.^1>'» 
rifti<>N  of  Trap  Rofki< ;  thi>ir  Pas.^ge  by  Gradation  in:o  each  other  and  into 
nil*  KfM'kfl. —  Porphyry,  Poiphyritir  Trap.  CirocnMoiie.  SiuniUs  Clinki^tooe, 
Aniy^ilalniil.  Warkr,  Pitch-itonc. — Pa«4afi;i*  of  Porphyi\  and  various  TnpBflcki 
iiitrxMch  othtT.  iiml  into  Sirnitc  .ind  dninite,  at  Chiisi'.iania  in  Norway. — ] 
of  Basalt  into  «<*oriaroou«t  Lavn  and  Ohiidian. — Mountains  nl  Poiphyritir  Trip 
ClinkHtone  with  deep  Cratr.ni,  pmbalily  formed  by  dcprcsHion. — Hi^  Stik, 
bcrliind. — CailiT  Idris.  Wales. — Basaltic  Dy^CK. — Columnar  aiiJ  Maivive 
hitcntfratified  Ra^iilt. — Striitu  cunfus^MJIy  broken  and  enveloped  in  B^salt.- 
:£:iiiir  Remains  I'nvelojM'd  in  B»«Ah. — Bii>alt  of  Scotland,  Iiclaiul.  AuTei^^nr.  aai 
Ir.i'hind. — On  the  formation  of  Basalt. — Experiments  of  Mr.  Watt. — Thtary  d 
W'fincr. — On  th«'  relative  ape  of  Trap  Rocksi. 

TiiK  rocks  (lc!<cribcd  in  the  preceding  chapters,  both  of  the 
primary,  the  trani^ition,  and  the  bwer  secondary  class,  geneFtllf 
cover  each  otlier  in  a  conformable  position ;  and  where  they  oc- 
cur togetlior,  their  arrangement  and  order  of  succession  may  be 
repres(Mited  as  in  Plate  3.  fig.  1.  wliere  the  granite  a  is  cohered 
bv  irneiss  6,  and  tliis  bv  mica-slate  c.     ^le\t  succeed  the  dale 
rocks  (I  r/,  with  iinliedded  or  subordinate  beds  of  flinty  slate,  or 
limestone.  ( 1 )    Then  follow  beds  (2)  of  conglomerate,  separating 
the  slatt*  from  the  transition  lirnrstone  and  greywacke.  ('■2,d,i,) 
And  la>tly,  the  lower  secondary  strata,  comprising  the  great  cml 
formation.     This  representation  is,  however,  rather  descriptive 
of  a  (jreneral  tendency  to  sucii  an  arrangement,  than  of  its  uni- 
versal occurrence.     Frequently  diiferent  parts  of  the  series  wiD 
be  wanting  in  ditferent  situations.     Thus  in  Cornwall  the  gneiaB 
anti  the  mica-slate  are  ab.^senf,  except  in  two  localities.     At  the 
Malvern  Hills,  transition  limestone  rises  almost  close  to  the  rockff 
of  granitf :  and  the  eoal  lorniation  of  St.  Kticnne  in  France  is 
only  separated  fK">tn  the  granite,  on  which  it  reposes,  by  a  thick 
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bed  of  conglomerate,  containing  rounded  stones  of  vast  size,  be- 
longing to  rocks  of  the  primary  class.  Here  all  the  intervening 
formations,  6.  c.  rf.  and  e.  Plate  3.  fig.  1.  are  wanting.  Whether 
they  were  originally  deposited,  and  have  been  subsequently  re- 
moved, by  the  agency  of  some  unknown  cause,  before  the  depo- 
sition of  the  coal  strata,  is  an  inquiry  that  can  be  answered  only 
by  conjectures  and  references  to  analogies :  the  subject  will  be 
hereafter  adverted  to.  It  is  sufficient  to  our  present  purpose  to 
remark,  that  where  the  cKfTerent  formations  that  are  wanting  in 
one  place  occur  in  another,  they  generally  cover  each  other  con- 
formably in  the  order  above  described. 

The  upper  secondary  and  the  tertiary  strata,  that  succeed  the 
different  classes  of  rocks  which  occur  conformably,  appear  to 
have  been  deposited  not  only  at  a  later  period,  but  under  differ- 
ent circumstances  ;  for  their  position  does  not  conform  to  that  of 
the  lower  rocks,  but  they  cover  the  outcrop  or  basset  of  the  low- 
er beds,  as  represented  Plate  1.  fig.  3  -,  they  are  unconformable 
stratified  rocks. 

Before  we  proceed  to  describe  the  upper  secondary  strata,  it 
will  be  necessary  to  bestow  particular  attention  on  a  class  of 
rocks,  that  has  greatly  perplexed  the  speculations  of  geologists: 
they  are  the  unconformable  rocks  of  porphyry,  trap,  and  basalt, 
which  form  the  subject  of  the  present  chapter.  These  rocks, 
though  they  sometimes  occur  imbedded  in  conformable  rocks, 
more  frequently  cover  them  in  an  unconformable  position,  com- 
posing thick  unstratified  beds,  and  often  mountain  masses  of  vast 
size,  that  have  not  unfrequently  a  columnar  structure.  Their 
position  is  represented  Plate  3.  fig.  2.  It  is  obvious  that  tticse 
unconformable  rocks  were  formed  and  deposited,  at  a  subsequent 
period  t«>  that  in  which  the  lower  rocks  were  consolidated,  and 
their  beds  had  acquired  their  present  inclined  positions.  As  the 
unconformable  massive  or  unstratified  rocks,  are  many,  if  not  all 
of  them,  allied  to  rocks  whose  igneous  origin  is  now  undisputed, 
we  might  have  little  difficulty  in  admitting  that  they  had  boen 
poured  over  the  surface  of  the  conformable  rocks  in  a  sfnif  of 
fusion,  like  streams  of  lava  from  recent  volcaoos ;  with  this  dif- 
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ference,  that  they  were  not  erupted  froin  one  opening  or  crateTi 
but  from  fissures  of  greut  width  and  many  miles  or  leagues  in  ex- 
tent, and  that  they  were  formed  under  the  ocean.  I  say  we  migiit 
have  httle  difficulty  in  admitting  this,  particularly  as  such  rents 
or  fissures,  filled  with  similar  matter  to  that  of  the  overlying  on- 
conformable  masses,  are  often  discovered  in  their  vicinity :  but 
there  are  other  appearances  which  seem  opposed  to  the  igueooi 
origin  of  these  rocks.  In  the  first  place,  similar  rocks  to  the 
overlying  formations,  are  often  imbedded  and  intermixed  with 
conformable  rocks  in  a  conformable  position:  and  secoDdlyv 
some  overlying  formations,  appear  to  pass  by  gradation  into  rocks 
of  the  primary  class.  Now  if  we  admit  the  unconformable  mas- 
ses to  be  of  igneous  origin,  we  can  scarcely  refuse  the  same  ori- 
gin to  tlic  imbedded  rocks ;  and  thus  we  extend  the  domain  of 
Pluto  over  a  larger  portion  of  the  crust  of  the  globe,  than  many 
geologists  will  allow.  It  must  also  be  granted,  that  many  of  the 
imbedded  rocks  of  porphyry  and  porphyritic  trap,  which  alter- 
nate or  arc  intermixed  with  slate  rocks,  cannot  be  supposed  to 
have  ever  been  erupted  like  lava ;  but  tliey  may  have  been  soft- 
ened by  subterranean  heat  in  situ^  and  have  taken  the  porphyritic 
texture,  and  the  columnar  structure,  during  their  slow  refrigera- 
tion. If  we  sufficiently  keep  in  view  that  the  crust  of  the  globe 
with  which  we  are  acquainted,  docs  not  exceed,  in  comparative 
thickness,  that  of  a  wafer  to  an  artificial  globe  three  feet  in  diam- 
eter ;  and  that  a  very  large  portion  of  the  globe  is  now  or  has 
in  ancient  times  been  rent  and  pierced  through  by  active  volca- 
nos,  and  that  these  volcanos  are  not  the  scat  of  subterranean 
fire,  but  merely  its  chimneys,  we  shall  have  no  difficulty  in  ad- 
mitting, that  extensive  parts  of  the  crust  of  the  globe  may  hafs 
been  soflened  by  internal  heat,  and  the  more  fusible  beds  partljr 
crystallized  in  situ^  under  the  pressure  of  ocean. 

Trap  rocks  sometimes  occur  between  thick  beds  of  marine 
limestone  ;  but  in  such  instances  we  may  without  much  difficulty 
admit  that  these  trap  rocks  have  been  formed  by  submarine  vol- 
canos, which  have  poured  beds  of  lava  over  the  limestone;  an- 
other bed  of  limestone  may  have  been  subsequently  formed  over 
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tiw  Utt,  and  this  limeitoaia  aaj  tko  bave  been  covered  by  the 
JjnuLaLgJftlBi  vruption.  Id  tliii  mui&er  the  altematioD  or  beds 
•f  fetorili'MfalMhki  «iii7gdaloid  with  Itmeatoae  in  Derbyshire, 
■i^  aiailvr  a  frababla  eiplanatioa. 
>  Whkflifefll  ta  the  OTorlying  fbrmatioriH  which  pisa  by  grada- 
^tnimat-'flllmuf  ndtM,  w  wme  porphyries  allied  to  volcanic 
tVofeVywi  iMO  graailV-tbia  bet,  so  far  from  proving  tKat  Uie 
^Jlirjlj  WM  aot  of  igoeoiu  origin,  would  tend  to  confirm  the 
Ij^pMlMil  which  Utribatei  an  igneous  formation  to  granite  it- 
lIK*  h  w  gnated  by  the  best  observers,  that  a  regular  grada- 
Vm  IBUf  ba  tnced  between  granite  and  the  more  ancient  volca- 
'  'dttf  Mwfea,  sad  that  tbsre  is  likewise  a  gradatign  between  tfae  pro- 
'4hKto  of  aaeieat  and  recent  rolcanos.  Of  the  former  we  shall 
'tthr  a  «al  aitMlad  iartance ;  but  before  proceeding,  it  will  be 
pibflei'  la  ^M  a  man  ample  description  of  trap  rocks  than  ban 
yattaaidnaii  k  has  already  been  stated,  that  rocks  compoHed 
'4f  AlipM  aad  faonbleode,  received  the  generic  name  of  Trap 
'^fldll^  (a  'Bnaa  d«h«d  from  the  Swedish  word  trappa  a  stair,) 
ImAmM  ttma  n^  iaqnently  divide  into  regular  forms  resem- 
Wmg  te  ittpf  tt  rtln  Besides  the  intermixture  of  felspar  and 
1  a  frequent  intermixture  of  felspar  with 
,  ta  wbieb  the  aame  of  trap  rock  is  given  ;  indeed,  horn- 
ite  reaemble  each  other  so  much  in  chemical 
1  when  uncrystallized,  in  external  character  also. 


'BamnrUi^  wpA  Jiutly  dUUEgulshed  many  of  Iho  natural  phUonphcrs  iii 
kiwa  w^  ha,  tt  eunat  b«  denied  tfa>t  they  adhere  marc  closely  to  theorie*  oncB 
~  ng  Ibr  thenuelwi,  than  the  phllonphen 

HI  of  tbls.  I  ihall  Iranslato  an  extract  Ihim  M.  Bon- 
is du  Taraita.  It  In  truly  imuslDg  to  see  the  alarm 
I,  teat  be  tbould  be  compelled  by  stubborn  beta  to  relinquish  hi* 
''  Another  ipeclei  of  difficulty  should  prevent  every  prudent 
■m  fttftU  imglf  haa  attempting  to  explain  the  (brmatian  of  tbeM  roclu  of  trachyla 
If  «r  k|piAi*  fanndad  oo  volcanic  action;  tuunely,  the  alarming  extent  of  tha 
b  may  Ibllow  auch  an  explicBtJon.  relative  to  other  rock  (brma- 
D  r«gtrdad  aa  having  a  very  different  origin."  With  ^at  reaped  for 
I  wooU  aty.  Let  every  eqirit  lagt  yield  to  the  evidence  whicb  Na- 
Uworiss  to  tak«  care  of  llM&uelre(> 
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that  they  have  till  recently  been  confounded  together,  and  thqr 
often  occur  together  in  the  same  rock.  These  compounds  of 
felspar  and  hornblende,  and  felspar  and  augite,  form  the  different 
rocks  called  greenstone,  sienitic  greenstone,  basalt,  clinkstoney 
pitchstone,  wacke,  and  amygdaloid ;  and  also  trap,  porphyiy, 
and  pitchstone-porphyry.  All  these  rocks  may  be  regarded  aa 
different  modes  and  combinations  of  felspar  with  hornblende  or 
augite,  differing  chiefly  in  their  internal  structure. 

When  hornblende  and  felspar  have  a  granitic  structure,  they 
form  what  is  generally  called  greenstone,  and  if  the  felspar  be  red, 
sienitic  greenstone.  When  hornblende  and  felspar,  or  augite 
and  felspar,  are  intimately  combined  and  finely  granular,  they 
form  basalt.  The  French  geologists  make  a  distinction  between 
the  basalt  in  which  augite  prevails,  and  that  which  is  composed 
of  felspar  and  hornblende ;  but  it  is  admitted  that  where  the  struc- 
ture is  finely  granular,  or  nearly  compact,  it  is  difficult,  if  not  im- 
possible, to  distinguish  them. 

Basalt  has  a  greenish  or  brownish  black  colour,  is  difBcult  to 
break,  and  possesses  a  considerable  degree  of  hardness ;  it  will 
however  yield  to  the  point  of  a  knife.  On  examination  with  a  lens, 
even  the  more  compact  varieties  of  basalt  are  seen  to  be  com- 
posed of  minute  crystalline  grains ;  it  frequently  contains  yellow- 
ish grains  of  a  mineral  called  olivine ;  it  contains  also  gruns  of 
iron-sand,  and  a  considerable  portion  of  the  black  oxide  of  iron. 
Basalt  is  fusible  into  a  black  glass,  and  is  magnetic.  The  iron 
whicli  it  contains,  passes  into  a  further  state  of  oxygenation  when 
exposed  to  the  air :  hence  basaltic  rocks  are  generally  covered 
with  a  reddish  brov:  i  incrustation.  Very  black  basalts  are  chiefly 
composed  of  augite. 

Sofl  earthy  basalt  intermixed  with  green  earth  forms  the  rock 
called  wach\  When  basalt  or  wacke  contain  rounded  cavitieii 
fillerl  with  zeolites,  chalcedony,  or  calcareous  spar,  they  form 
amygdaloid.*     When  the  felspar  greatly  prevails,  and  the  texture 

*  The  names  Porphyry  and  Amyc:(latoid  rather  represent  mode**  than  aubstancflffi 
and  convey  no  precif»e  idcan  unless  the  nature  of  the  hone  be  speciticd. 
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<iaeomM'MM%  eompact,  buait  pswea  into  the  rock  called  phon- 
iiliUiiii  iMriaimii.  from  ita  yielding  a  metallic  sound  when  ntnick : 
tbe'praVaffiilg  iooloir  ii  grey  and  greeniah  gray;  it  is  fusihie. 
Cbnkatans  whaa  k  has  a  more  earrhy  texture,  passes  into  the 

'  Tock  eaHeJ  by  Englith  geologiata  Clayaione.  Clinkstone  ollen 
oonUMi  ■BbaJdaJ  crystals  of  felspar,  and  then  bocomeB  a  trap 

.  fotpHytft  which  varies  in  colour  according  to  the  prnvailing  in- 
yraliMti  nf  ita  bate.  Between  felspar  porphyry  and  trap  porphy- 
ij.-dHra  ■■  an  almost  imperceptible  trani-ilion ;  in  the  former,  the 
Imm  or  pute  is  felapar,  nearly  pure.     Some  felspar  porphyries 

-  pmgTKHoally  into  granite,  by  an  intermixture  with  quartz  and 
■h^     Pitcfafltoae  has  a  blackish  green,  or  a  nearly  black  colour ; 

'  it-ia  fc  semrritTeoiM  sabstance,  having  the  lustre  and  appparancc 
of'piteh;  ttis  eompoaed  of  the  same  constituent  parta  as  butiult, 
•  oaaily  to  the  black  volcanic  glass  called  obsidi- 
^  suddenly  refrigerated  and  perfectly  vitrified, 
)  and  obsidian  are  sometimes  porphyritic.  Hence  we 
have  on  tha  one  hand  a  series  of  rocks,  (varj'ing  only  in  the  in- 
•  eiawe  of  M^ar,  ind  state  of  induration,)  from  granular  basalt 
to  cBntatoiiB  end  dayatone,  from  clinkstone  to  trap  porphyry, 
fioB  Inp  potphyiy  to  trachyte  and  felnpar  porphyry,  and  from 
WapBT porphyry,  with  the  further  admixture  of  mica  and  quartz, 
to^maitie  porphyry  and  granite.  On  the  other  hand,  from  gran- 
itie  gtMUtone  there  is  a  (ransition  to  sienite,  and  from  sien- 
ile  to  trae  granite.  Again:  in  the  volcanic  diiitricts  of  Auvergnc, 
weaae  aeoriaceous  lava  become  more  compact,  and  at  length 
paaaintowoU  characterized  black  basalt,  with  the  columnar  struc- 
tnra.  In  otbw  aituatitms,  currents  of  lava  form  obsidian  or  vol- 
canic glass;  and  between  basalt,  phonolitc,  and  pitchstone,  there 
is  an  alnoat  imperceptible  gradation. 

Thos  it  may  be  seen  that  the  whole  family  of  trap  rocks  havp 
on  the  one  hand  a  close  alliance  with  volcanic  rocks  ;  and  on  the 
other,  with  the  more  ancient  rocks  of  porphyry  and  granite. 

The  gradation  of  trap  rock,  having  in  some  parts  a  volcanic 
character,  into  true  granite,  has  been  described  by  Messrs.  Haus- 
suum  and  Von  Buch  as  distinctly  observable,  and  well  marked. 
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in  a  mountain  near  Christiania  in  Norway.    The  lower  rocks  are 
gneiss ;  over  tins  occurs  dark  slate ;  and  in  the  slate  are  sereral 
beds  of  blackish  limestone  containing  trilobites,  and  also  ortbo* 
ceratites  several  feet  in  length,  with  other  marine  organic  re- 
mains.   In  some  parts,  a  bed  of  gritstone  or  greywacke  rests  oo 
the  slate.     The  whole  of  these  beds  are  covered  by  an  enorsMiOi 
mass  of  porphyry,  varying  in  thickness  from  one  thousand  sii 
hufidred  to  two  thousand  foot.     The  porphyry  is  of  a  smoke  gray 
colour,  but  is  reddish  in  some  parts ;  it  is  compact,  and  modei^ 
ately  hard,  and  contains  large  crystals  of  white  felspar,  and  ays- 
tals  of  quartz,  epidote,  hornblende,  iron  pyrites,  and  magnetic 
iron  ore.     In  the  lower  part  of  the  bed  the  porphyry  becomes 
vesicular,  and  changes  into  an  amygdaloidal  basalt,  containing 
crystals  of  augite.     A'car  the  sea,  vast  dykes  of  this  porpbyrjf 
more  than  thirty  yards  in  width,  arc  seen  cutting  through  the 
slate  and  beds  of  limestone.     In  another  part  of  the  coontry^  at 
Ilolmostrand,  the  same  mass  of  porphyry,  covering  beds  of  sand- 
stone, is  seen  to  pass  in  the  lower  part,  by  almost  insensible  grip 
dations,  into  a  hard  tine-grained  black  basalt,  containing  brilliaot 
crystals  of  augite :  in  the  upper  part  of  the  bed,  the  porpfayij 
passes  into  a  sienite  of  singular  beauty,  containing  ctystals  of 
zircon  ;  and  above  this,  the  sienite  passes  into  common  granite. 
The  dykes  of  porphyry  cutting  through  the  slate  rocks  indicate 
the  mode  of  formation  of  this  porphyry,  in  a  manner  not  to  be 
mistiikon  by  those  who  are  acquainted  with  the  basaltic  dykes  in 
the  northern  parts  of  Groat  Britain..    These  dykes  were  doubtlea 
the  fissures  through  which  this  vast  mass  of  porphyry  had  been 
poured  out  over  the  slate  rocks,  though  Messrs.  Hausmann  and 
Von  Bucli  describe  them  as  veins  descending  from  the  porphyry. 
Tho  reader  may  form  a  inore  distinct  idea  of  the  position  of  tUi 
porphyry  and  its  relation  to  the  subjacent  rocks,  which  are  inte^ 
seeled  by  dyke*?  of  thf*  same  porphyry,  from  Plate  3.  fig.  2.  a. 

Had  M.  Von  Huch  seen  this  remarkable  mass  of  porphjrryit 
Christiania,  after  his  visit  to  the  basaltic  districts  in  England,  he 
would,  1  am  persuaded,  have  at  once  recognized  the  agency  of 
rubterrancnn  fire  in  its  formation.     I  saw  this  eminent  geologist 
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■oon  afiflr  hii  retnni  from  Comberland  and  Westmoreland ;  and 
if  I  leeoHect  distiiictly  his  opinion  respecting  the  mountains  of 
pcwphyiitic  trap  and  clinkstone  intermixed  with  slate  in  these 
countiest  it  was,  that  they  bore  a  striking  resemblance  to  some  of 
the  moat  ancient  volcanic  mountains  in  Auvergne,  and  that,  like 
them,  tfaey  had  been  softened  in  siiu^  and  elevated  by  subterrane- 
an heat  The  operation  of  igneous  agency  in  these  mountains 
in  match  len  evident  than  in  the  porphyry  of  Norway,  if  the  des- 
cription given  of  it  be  correct.  The  only  porphyry  occurring  in 
imcomfiinnable  beds  that  I  have  seen  in  Cumberland  or  West- 
moreland, covers  part  of  a  mountain  of  coarse  slate  on  the  right 
hand  side  of  the  road  going  from  Kendal  to  the  granite  moun- 
tain of  Shap.  It  forms  a  nearly  horizontal  bed  composed  of  red 
fislspar,  which  has  an  earthy  texture,  and  contains  crystals  or 
grains  of  quartz;  it  is  what  the  French  would  denominate  a  red 
trachyte.  Considerable  fragments  of  the  same  rock  are  scatter- 
ed in  the  adjacent  valleys,  proving  that  at  a  former  period,  this 
porphyry  was  more  extensively  spread  over  that  district  A  red 
porphyritic  felspar,  nearly  similar  in  composition  and  appearance, 
forms  the  top  of  the  mountain  called  Red  Pike  above  the  Lake 
of  Buttermere  in  Cumberland.  Closely  adjacent  to  Red  Pike, 
and  fbrming  part  of  the  same  ridge,  is  the  mountain  called  High 
Stile.  Between  the  summits  of  these  mountains,  is  a  deep  cra- 
ter with  a  small  lake  or  tarn  at  the  bottom  of  it :  the  sides  of  this 
crater  are  very  steep  ;  it  is  partly  surrounded  by  rude  columns  of 
cfinkitone  on  one  side ;  the  porphyritic  folsj)ar  of  Red  Pike  forms 
the  other  side.  The  clinkstone  has  a  smooth  conchoidal  frac- 
ture and  a  greenish  gray  colour ;  it  contains  small  crystals  of  fel- 
spar, and  is  slightly  translucent  on  the  edges  and  very  fusible ;  it 
in  highly  sonorous  when  struck  with  a  hammer.  The  height  of 
H^  Stile  is  two  thousand  one  hundred  feet  above  the  level  of 
llie  lea;  the  depth  of  the  crater  is  about  live  hundred  feet ;  the 
aide  nearest  the  Lake  of  Buttermere,  by  which  alone  it  can  be 
entered,  is  partly  open.  Situated  as  it  is  on  the  summit  of  a  very 
narrow  steep  mountain  range,  that  divides  the  valley  of  Butter- 
mere from  Ennerdale,  no  conceivable  operation  of  water  could 
have  scooped  out  the  crater,  and  the  bed  of  the  lake  within  it. 
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Though  the  rocks  which  surround  this  crater  are  closely  allied 
to  volcanic  rocks,  and  have  probably  bec?n  subjected  to  the  agHa- 
cy  of  fire,  we  cannot  suppose  llie  crnlor  to  have  bitin  formed  like 
that  of  modern  volcanf)s,  by  eruption  of  Invu  and  scorice.  It  se^ms 
more  reasonable  to  admit  that  the  crater  njiglit  owe  its*  form  loE 
partial  sinkinn^  down  of  part  of  the  summit  of  the  mouiil:iin,  when 
the  rocks  of  which  it  is  composed  were  softened  by  subterraneiii 
heat,  and  elevated :  the  basin  of  the  Lake  of  Buttcrmere,  at  the 
foot  of  this  mountain,  may  perhaps  owe  its  origmai  depression 
to  the  same  cause.  Many  of  the  mountains  in  these  districts  are 
composed  of  porphyritic  trap,  passing  into  clinkstone.  In  a 
deep  ravine  of  Swarthfcll  in  Cumberland,  opposite  the  seat  of 
J.  Marshall,  Es(].  M.P.  the  mountain  which  is  here  composed  of 
clinkstone,  presents  the  columnar  Btruc-.turo  on  a  magnificent 
<cale ;  the  columns  are  slightly  bent  anfl  inclined. 

Porphyry,  from  an  intermixture  with  hornblende  frequently 
passes  into  sicnite  ;  when  this  is  the  case,  the  latter  rock  general- 
ly forms  the  upper  part  of  the  mass.  Porphyry  and  basalt,  ia 
enormous  masses,  often  cover  the  primary  mountains  in  the  An- 
des. According  to  Humboldt,  ^^  they  are  arranged  in  regular 
columns,  which  strike  the  eye  of  the  traveller  like  immense  cas- 
tles lifted  into  the  sky.'*'  Some  geologists  describe  four  forma- 
tions of  porphyry,  but  this  division  is  purely  theoretical,  as  those 
who  admit  it,  agree  that  the  ditlerent  formations  of  porphyry  fre- 
quently pass  into  each  other ;  and  from  the  evident  connectran 
of  porphyry  and  basaltic  with  igneous  rocks,  it  naturally  follows, 
that  such  transitions  must  take  place.  Porphyritic  rocks  may  in 
general  be  regarded  as  more  ancient  than  basaltic  rocks,  as  po^ 
phyry  most  frequently  occurs  intermixed  with,  or  covering  transi- 
tion rocks,  and  basalt  is  most  commonly  associated  with  the  sec- 
ondary strata,  which  it  either  cuts  through  in  the  form  of  dykes, 
or  covers  unconibrmably.  Sometimes  it  appears  to  have  broken 
through  the  strata  confusedly,  and  to  have  enveloped  large  por- 
tions of  other  rocks.  We  shall  proceed  to  describe  these  differ- 
ent modes  of  its  occurrence  and  position,  of  which  we  have  nu* 
merous  striking  examples  in  Great  Britain  and  Ireland. 
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In  deacribing  the  phenomena  presented  by  any  one  of  the  trap 
fockfl,  we  describe  those  peculiar  to  every  member  of  the  trap 
hnufym    Were  it  allowed  to  express  a  geological  fact  in  familiar 
terms,  it  might  be  said,  that  all  the  members  of  this  family  give 
indicatioiis  of  a  fiery  character,  and  of  having  been  troublesome 
neighbours  to  the  adjacent  rocks,  disturbing  them,  and  even 
changing  their  nature,  when  ihcy  are  closely  associated.     Beside 
occurring  in  overlying  unconformable  masses,  all  trap  rocks,  with 
porpbjny,  which  may  be  placed  at  their  head,  are  occasionally 
hand  intersecting  other  rocks  like  vertical  walls.     It  has  been 
before  stated,  that  these  vertical  walls  are  called  dykes^ — the 
term  dyke  and  wall  being  synonymous  in  North  Britain.     The 
substance  which  most  commonly  occurs  in  dykes  is  basalt ;  and 
as  these  basaltic  dykes  are  well  known,  from  their  frequently  in- 
tersecting coal  strata,  we  shall  now  give  a  description  of  basaltic 
dykes,  and  their  effects  on  the  adjacent  rocks  or  strata. 

The  thickness  of  dykes  varies  from  a  few  inches  to  twenty  or 
thirty  feet  or  yards ;  in  some  instances  they  exceed  three  hun«lrcd 
feet.  The  extent  to  which  they  stretch  across  a  country  has  sel- 
dom been  explored  beyond  the  mining  districts,  where  a  knowl- 
edge of  them  is  important  on  account  of  the  disturbances  which 
they  occasion  in  the  strata. 

The  intersection  of  coal  strata  by  dykes  is  represented  Plate 
4.  fig.  2.  and  3  c.  c.  and  d.  d.  Dykes  generally  decline  a  little 
from  a  vertical  position  ;  and,  as  before  stated,  the  depth  to  which 
they  descend  is  unknown. 

The  strata  are  almost  always  thrown  down  on  one  side  of  a 
dyke,  and  elevated  on  the  other;  but  the  dislocation  is  not  pro- 
portioned to  its  breadth.  There  is  a  fault  extending  from  Whit- 
ley in  Northumberland,  to  Greenside  and  Sandgate  in  Durham, 
which  has  thrown  down  the  strata  on  the  north  side  one  hundred 
and  eighty  yards ;  this  is  a  comparatively  narrow  fissure  filled 
with  clay.  A  great  basaltic  dyke  in  the  same  county,  which  is 
seventeen  yards  wide,  has  only  produced  a  dislocation  ol  twelve 
yards. 
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The  whole  series  of  strata  which  have  been  raised  above  the 
surface  on  one  side  of  a  fault,  have  sometimes  entirely  disappeai- 
cd,  and  the  ground  on  each  side  of  it,  is  on  the  same  level.  See 
Plate  4.  fig.  2,  3. 

Trap  dykes,  and  basalt  dykes,  are  generally  harder  than  the 
rocks  that  they  intersect ;  and  when  the  latter  are  partly  deciMi> 
posed,  often  remain,  forming  vast  walls  of  stone,  that  rise  above 
the  surface  of  the  ground.  There  are  walls  of  this  kind  in  the 
counties  of  Northumberland  and  Durham,  running  along  the 
country  several  miles.  Dykes  also  extend  into  the  sea,  and  tank 
reefs  of  rocks ;  and  when  they  cross  the  beds  of  rivers,  they  fane 
fords,  and  sometimes  hold  up  the  water  and  occasion  cascades, 
of  which  there  are  numerous  instances  on  the  river  Tees.  In  the 
interior  of  North  America,  basaltic  walls  were  discovered  hf 
Messrs.  Lewis  and  Clark,  of  great  extent ;  the  walls  were  con- 
posed  of  columns  of  basalt  arranged  horizontally,  and  were  ai 
first  supposed  to  be  artificial  constructions.  Where  basaftie 
dykes  are  of  considerable  thickness,  the  hardness  of  the  stone  va- 
ries in  different  parts ;  sometimes  the  inner  parts  are  harder,  and 
sometimes  sofler,  than  the  outer,  the  substance  in  the  dyke  being 
divided  by  seams  or  partings.  This  may  be  distinctly  seen  ai 
Coaly  Hill,  near  Newcastle-upon-Tyne,  where  a  large  basalt  or 
whin  dyke  cuts  through  the  coal  strata,  and  rises  to  the  surfiMe. 
The  stone  being  hard,  is  quarried  for  the  roads  along  a  line  of 
several  hundred  yards,  forming  a  deep  trench  sufiiciently  wide  to 
admit  a  cart-road  through  the  quarr}',  between  the  sides  of  the 
dyke. 

The  basalt  of  the  dyke  is  intersected  by  fissures,  and  divided 
into  variously  shaped  masses.  In  one  part  of  the  dyke  it  appean 
to  graduate  into  an  indurated  ferruginous  clay,  which  is  in  some 
places  divided  into  minute  well-defined  pentagonal  prisms.  Thh 
dyke  had  charred  the  coal  on  each  side  of  it,  and  rendered  it  soft 
and  sooty.  To  use  the  language  of  the  workman  who  was  quar- 
rying the  stone  when  I  visited  the  place,  ^^  it  had  burned  the  coal 
wherever  it  had  touched  it.^^    The  same  dyke  extends  from  the 
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Ktt  to  die  treatern  ride  of  tbe  count;  of  Noitbumberland;  ititar- 
miaation  in  thai  direction  b  aakDown, 

The  loDgesi  mineral  dyke  Uut  hu  been  traced  in  Engluid 
nay  be  called  ilie  Clevelud  BukH  Dykfl  :  it  extenda  from  the 
Vesiern  side  of  Durhnm  to  Bewick  in  Yoriuhire;  it  crowee  the 
■iver  Tees  at  ihig  place,  and  procaeda  in  a  waTing  Kne  through 
he  Cleveland  Hills  in  the  eaat  ridhig  of  Yorkshire  to  the  lea  iie- 
ureen  Scarhornugh  and  Whitby.  It  riMi  to  the  mrfiicfe,  and  is 
juarried,  in  many  parta  of  ita  courae,  for  stone  to  lay  upon  the 
■oads.  Prom  Bewick-on-tbe-Tees,  it  may  be  traced  in  aaoasterly 
[irectioR,  near  the  villages  of  Stanton,  Newby,  Nuothorp,  and 
lyton.  A(  Langbalh  ridge  a  quarry  is  worked  in  it ;  it  passes 
»iilh  of  tbc  remarkable  hill  oalled  Rosdwrry  Toppib,  near 
Btokesly,  and  from  thence  by  Lansdale  to  Kikiale;  it  may  be 
«een  on  (he  surface  nearly  all  the  way  in  the  above  track.  From 
Kildale  it  passes  to  Denbigh  Dale  end,  and  through  the  Tillage 
of  Egton-bridge,  and  hence  ow  Leace  ridge  through  Gothland, 
croMing  (he  turnpike  road  from  Whitby  to  Pickeriog  near  the 
■even  mile  stone,  at  a  place  called  Sillow  CrcMS  on  a  high  moor. 
I  ezaiBMed  it  at  this  place,  where  it  is  quarried  for  the  roads,  and 
If  about  tMi  yards  wide.  From  hence  it  may  be  traced  to  Blea 
ffil  near  Harwood  Dale,  in  a  line  towards  the  sea,  near  which  it 
with  alluTial  soil ;  but  there  can  be  do  doubt  that  it 
o  tbe  German  Ocoan.  It  is  a  dark  greyish  brown  ba- 
wbieh  tarns  brown  on  ezposure  to  the  atmosphere;  it  is  the 
material  for  mending  the  roads  in  the  district  called 
am  indebted  to  Mr.  Bird  of  Whil^y  6»  an  account 
«f  the  iituatioBS  where  it  may  be  seen  on  the  surface.  He  has 
tnced  it  through  Yorkshire  and  Durham ;  in  the  latter  county  it 
cuts  Ihrongh  tbe  coal  strata.  According  to  Mr.  Bird,  it  crosses 
tbe  rtfer  Tees  again,  near  Tees  Force,  and,  expanding,  forms  the 
Ipeat  mass  of  basalt  on  the  weatem  extremity  of  Durham,  taking 
the  columnar  form  in  various  parts,  particularly  at  High  Cup,  a 
deep  circular  excavation  on  the  side  of  Cross  Fiell.  The  speci* 
■ens  of  the  stone  shown  me  by  Mr.  Bird  from  this  district,  are 
niore  ciTatalliae  and  len  homogeneous  than  that  in  Cleveland, 
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being  that  variety  called  green-stone,  consisting  of  hornblende 
and  felspar.  The  course  of  this  dyke  is  marked  in  the  Geologi- 
cal Map  of  England,  Plate  5.  By  consulting  the  large  mapi  of 
England,  the  course  may  be  distinctly  traced  :  drawing  a  line  in 
the  direction  from  Cockfield  in  the  county  of  Durham  to  Bewick- 
on-thc-Tees,  and  extending  the  line  east  and  west,  it  will  ptm 
near  all  the  places  above  mentioned. 

The  Cleveland  dyke  has  been  traced  in  a  direct  line  more  than 
seventy  miles.     A  circumstance  attending  this  and  other  exten- 
sive dykes,  which  has  not,  1  believe,  been  hitherto  regarded  bj 
geologists,  completely  invalidates  the  theory,  that  dykes  woe 
originally  open  fissures  formed  by  the  drying  or  shrinking  in  of 
the  rocks.     This  dyke  in  its  course  intersects  very  difierent  fiw^ 
mations,  viz.  the  transition  or  metaUiferous  limestone,  the  coal 
district,  and  the  upper  secondary  strata  of  lias  and  oolite.    The 
different  organic  remains  in  these  formations,  as  well  as  their  po- 
sition, prove  that  they  were  consolidated  at  distant  periods  of 
time.    Indeed  the  geologists  who  maintain  that  dykes  were  form- 
ed as  before  described,  are  ready  to  admit  the  distant  eras  of 
these  formations.    The  transition,  or  metalliferous  limestone,  and 
the  lower  strata,  must  have  been  completely  consolidated,  long 
before  the  upper  secondary  strata  were  deposited,  and  the  causes 
which  might  dispose  the  upper  strata  to  sink  in,  cannot  be  sup- 
posed to  act  on  the  lower  rocks.     It  is  also  to  be  remarked,  that 
in  the  lower  rocks,  situated  to  the  west,  the  breadth  of  this  dyke 
is  more  than  twenty  yards ;  but  at  Sillow  Cross,  whore  I  meas- 
ured it,  it  is  not  more  than  ten  yards :  this  dyke  must  therefore 
become  wider  as  it  descends.     It  must  also  have  been  filled  with 
basalt  at  the  time  of  its  formation,  otherwise  it  would  have  con- 
tained numerous  fragments  of  the  rocks  which  it  intersects. 

The  effects  of  this  basaltic  dyke  on  the  different  rocks  through 
which  it  passes,  are  truly  remarkable.  When  it  comes  in  contact 
with  the  lower  or  transition  limestone,  it  is  said  to  render  it  more 
crystalline,  a  fact  the  geological  importance  of  which  will  be 
subsequently  adverted  to.  Where  it  crosses  the  coal  strata,  and 
comes  in  contact  with  the  seams  of  coal,  the  substance  of  the 
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coel  k  ftir  MMritfiwt  converted  into  soot  At  a  greater  distance 
firoBi.tliB'  iMMitt  the  oofti  is  reduced  to  a  coke  or  cinder,  which 
boms  wklMMlflBbke^  and  with  a  clear  and  durable  heat.  At  the 
dktttnda  offfiftf  feet  fh>ni  the  dyke,  the  coal  is  found  in  its  natu- 
ral npalleroil  rtata,^  *  It  is  particularly  remarkable  that  the  roof 
immedwlBly  livior.the  coal  is  lined  with  bright  crystals  of  sulphur. 
In  ■dMa'alontioDs  in  the  same  county,  the  shale  in  contiguity 
vithritaSBllie  dykea,  is  converted  into  flinty  slate  or  jasper,  and 
tli»/«aditoiie  is  changed  to  a  brick  colour.  There  is  anotlier 
mmiiable  bnsaltie  dyke  in  the  same  district,  which  crosses  the 
WCBIOM  ertremity  of  Durham  from  Allenheads  to  Burtreeford  on 
the  river  Tees^  hence  called  the  Burtreeford  Dyke.  It  throws 
down  the  atrate  on  the  western  side  of  it,  one  hundred  and  sixtv 
yaida. 

J)ykea  bong,  generally  impervious  to  water,  they  obstruct  its 
pnwage  aloag^the  porous  strata,  and  occasion  it  to  rise :  hence  it 
fiaqnently  happens  that  numerous  springs  make  their  appearance 
akMig  the  eoone  of  a  dyke,  by  which  it  may  be  detected,  when 
iheieis  DO-other  indicalion  of  it  visible  on  the  surface. 

fiMaJtie  dykes  intenect  both  primary  and  secondary  rocks, 
hot  Cbeif  eveij  where  present  indications  of  their  action  on  the 
adjacent  ffocksL  At  Nigg,  near  Aberdeen,  I  examined  a  basaltic 
dyke  on  the:  coast,  which  intersects  a  rock  composed  of  gneiss,; 
the  dyke  is  about  thirty  feet  in  width.  Where  the  basalt  is  in 
cbntect  with  the  gneiss,  it  becomes  nearly  compact,  and  ap- 
proeches  to  the  character  of  hornstone  ;  and  the  gneiss  has  a  red 
and  himt  appearance,  approaching  in  its  nature  to  porphyry. 
It  is  probable  that  the  action  of  the  basalt  on  the  sides  of  the 
gneim  rock,  had  softened  it  and  rendered  it  more  liable  to  disin- 
tegrate than  the  other  parts,  for  the  sea  has  here  made  an  inden- 
tation inland,  forming  a  deep  narrow  ravine  or  bay,  with  a  lofty 
wall  of  basalt  running  through  it.  The  wall  of  basalt  completely 
divides  the  bay,  and  the  sea  enters  into  both  parts.  It  has  been 
befi>re  obeerved,  that  when  basaltic  dykes  extend  into  the  sea, 
they  form  reefs  of  rocks,  and  small  islands.  These  basaltic  walls, 
whether  rising  above  the  surface  of  the  country,  or  extending  in- 
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to  the  sea,  serve  to  mark  the  destruction  of  the  land  ;  for  we  ira 
r,ertain,  that  these  walls  of  mineral  matter  were  at  one  peiioi 
supported  on  each  side  by  rocks  or  strata,  which  they  have  ioter- 
sected,  but  which  are  now  worn  away.  The  Cleveland  biith 
dyke,  it  has  been  stated,  cuts  through  the  transition  limeftone, 
the  coal  strata,  and  the  upper  secondary  strata,  comprinig  I 
part  of  the  oolite  formation.  On  the  northern  coast  of  Ireland, 
Messrs.  Buckland  and  Conybcarc  discovered  a  considerable  Iw 
saltic  dyke,  passing  through  the  chalk  rocks.  In  the  immediate 
contiguity  of  basalt,  the  chalk  on  each  side  of  the  dyke  was  ren- 
dered highly  indurated  and  crystalline,  this  effect  decreasing  u 
the  distance  from  the  dyke  increased. 

The  constant  occurrence  of  dykes  in  basaltic  districts  gives  i 
high  degree  of  probability  to  the  opinion,  that  overlying  uncon- 
formable trap  rocks  have  been  erupted  in  a  melted  state  like  lavi, 
and  poured  over  the  surface  of  the  ground.  Where  eitentive 
beds  of  basalt  occur  in  low  situations,  there  can  be  little  diffi- 
culty in  admitting  this  mode  of  fonnation ;  but  the  frequent  oc^ 
currcncc  of  beds  of  basalt,  forming  isolated  caps  on  distant  moon- 
tains,  was  for  a  long  time  considered  as  opposing  completely  the 
hypothesis  of  the  igneous  origin  of  basaltic  rocks  ;  a  mote  atten- 
tive examination  of  basaltic  districts  has  however  estabfished  the 
fact,  that  these  isolated  caps  of  basalt,  are  parts  of  continaoui 
beds  which  have  in  remote  ages  been  excavated  by  valleys,  in 
the  same  manner  as  the  beds  of  other  rocks  which  frequently 
form  isolated  caps  on  detached  mountains.  The  cap  of  gritstone 
on  Whin  Hill,  near  Castleton,  see  Plate  4,  affords  an  illostii- 
tion  of  this ;  and  nothing  is  more  common  than  to  see  the  same 
bed  of  limestone,  forming  the  uppermost  stratum  or  cap  of  the 
mountains  on  each  side  of  a  valley. 

The  occurrence  of  thick  beds  of  basalt,  divided  into  regnbr 
pentagonal  or  hexagonal  columns,  and  disposed  in  ranges  of 
vast  extent  and  height,  could  not  fail  to  arrest  the  attention  of 
the  most  careless  observer,  and  give  rise  to  speculations  respect- 
ing their  origin  and  formation.  Basaltic  columns  are  frequently 
seen  in  countries  that  are  the  seat  of  volcanic  fires,  but  they  or- 
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car  ako  ia  camlriet  very  ramole  from  any  known  volcanos ;  and 
Uie  opiaiQU  of  gedggbts  were  hence  long  divided  on  the  sub- 
ject of  bawltie  rods,  some  ascribiog  to  them  an  aqueous,  and 
others  aa  iywwiat  origin. — ^The  theories  respecting  their  formi^ 
tioD  win  be  Mtmqaently  adTerted  to. 

Few  eeaahies  ia  the  worid  present  more  magnificent  basaltic 
eolnauivfaiigei  than  the  north  part  of  Ireland  and  some  of  the 
HeWdBS :  probably  these  are  connected  under  the  ocean,  and 
have  had  the  same  origin. 

The  Giaat^i  Causeway  constitutes  a  small  part  of  a  vast  basal- 
tic laBgOf  along  the  north  coast  of  Ireland,  in  the  county  of  An- 
trim. The  promontory  of  Fairhead  and  Borge,  in  the  same 
nage  aro  sitoated  eight  miles  from  each  other :  these  capes  con- 
■Mi  of  variooa  ranges  of  pillars  and  horizontal  strata  which  rise 
from  the  aea  te  the  height  of  five  hundred  feet ;  from  their  ab- 
raptnesi  they  are  very  conspicuous,  and  form  a  pile  of  natural 
aichiteetme,  ia  wfaiah  the  regularity  and  symmetry  of  art,  are 
anited  with  ihe  vriU  grandeur  and  magnificence  of  nature.  Ma- 
ay  of  thecohunni  ia  the  ranges  at  Fairhead  are  one  hundred 
and  fifty  leet  in  hmgbt,  and  five  feet  in  breadth.  At  the  base 
wkmg  the  sboie  is  a  wild  waste  of  rocky  fragments,  which  have 
ftOea  from  the  clifi.  Immense  masses  that  have  withstood  the 
fiiree  oi  the  shock  lie  in  groups,  resembling  the  ruins  of  enormous 
easdea.  At  the  Giant^s  Causeway  the  columns  rarely  exceed 
eae  foot  in  breadth,  and  thirty  feet  in  height :  they  are  sharply 
defined,  and  the  columns  are  divided  into  smaller  blocks,  or 
prisms  of  one  foot  or  more  in  length,  which  fit  neatly  into  each 
other,  Kke  a  ball  and  socket.  The  basalt  is  close  grained,  but 
the  appcr  joint  is  cellular.  The  columns  are  most  firequently 
formed  with  five  or  six  sides ;  but  some  have  seven  or  eight,  and 
others  not  more  than  three.  Beds  of  basalt  that  are  not  colum- 
nar, in  some  situations  lie  over,  and  also  under  the  columns. 
The  basalt  in  these  beds  is  cellular,  and  contains  zeolites  in  its 
cavitiea.  The  columns  at  Fairhead  are  not  articulated  like  those 
at  the  Giant^s  Causeway ;  but  the  blocks,  which  are  of  great 
length  in  each  column,  lie  flat  on  each  other.    Basalt  appears  to 
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extend  on  the  coast  and  inland  about  forty  miles  in  length,  and 
twenty  in  breadth. 

A  full  and  perspicuous  account  of  the  geology  of  this  part  of 
Ifeland,  is  given  by  Messrs.  Buckland  and  Conybeare  in  the  4th 
volume  of  the  Geological  Transactions.  It  appears  that  this 
basaltic  range  rests  upon  lias  limestone  containing  marine  shelb 
and  ammonites ;  the  basalt  also  enters  chalk-rocks,  which  an 
much  broken  by  it,  and  in  one  part  a  considerable  mass  of  chalk 
is  completely  enveloped  in  basalt.  The  effect  of  a  basaltic  dyke 
in  crystallizing  the  chalk  on  each  side  of  it,  has  already  been 
mentioned.  Former  observers,  unacquainted  with  the  nature  of 
the  rock  on  which  the  basaltic  ranges  of  the  Gianf's  Causeway 
rest,  have  mistaken  it  for  basalt ;  it  is  a  dark  coloured  highly  in- 
durated limestone,  and  as  it  contains  shells  and  other  organic  re- 
mains, .  these  remains  were  erroneously  supposed  to  prove  the 
marine  origin  of  basalt. 

The  basaltic  columns  of  the  Island  of  Staffa  are  too  well 
known  to  require  a  description  ;  but,  according  to  Dr.  MacCul- 
loch,  the  columns  which  form  the  lofty  promontory  called  the 
Scuir  of  Egg,  another  of  the  Hebrides,  exceed  in  grandeur  and 
in  picturesque  eflect  those  of  Staffa :  they  are  formed  of  black 
pitchstone,  containing  crystals  of  glassy  felspar.     ^^  The  prom- 
ontory rests  on  a  bed  of  compact  gray  limestone,  approach'mg 
to  a  stone  marie.     This  bed,  which  is  three  or  four  feet  thick, 
rests  on  a  still  lower  bed  of  hard  reddish  stone.     Masses  of  bito- 
minized  wood,  penetrated  with  carbonate  of  lime,  are  found  in 
the  marie  stratum  not  at  all  flattened.     Portions  of  trunks  of 
trees,  retaining  their  original  shape,  but  petrified  (silicified,)  are 
found  in  the  same  stratum  ;  the  rifts  are  filled  with  chalcedony, 
approaching  in  aspect  to  semi-opal.     The  columns  on  this  island 
are  both  perpendicular  and  inclined,  and  some  of  them  are  bent 
or  curved." 

In  various  parts  of  Scotland  and  the  Hebrides,  the  tendency  to 
a  colunmar  arrangement  in  the  basaltic  rocks  may  be  distinctly 
seen :  it  is  obscurely  develojx^d  in  the  basalt  of  Arthur's  Seat 
near  Edinburgh.    The  basalt  of  this  hill  appears  identical  with 
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MOM  of  the  Tolcaaic  mcMintains  I  examined  id  Aurergne,  par- 
ticolirif  near  the  summit  of  Montadoux,  a  mountain  near  Cler- 
mooL 

in  Kngliiid  the  columnar  structure  of  some  of  the  basaltic 
aod  trap  racks  is  observable  in  the  northern  counties,  pariicuiar- 
Ifoa  the  banks  of  the  river  Tees,  and  at  Swarthfell  near  Ubwa- 
ter.  fa  some  of  the  basaltic  hills  near  Dudlev,  the  columnar 
rtfuciure  is  developed,  but  the  columns  are  not  separated  and 
aaU  defined.  Prismatic  blocks  of  sienite  are  scattered  over  a 
U  of  sienite  called  Markfield  Kuowl,  at  Charnwood  Forest  in 
Leicestenhire. 

Columns  of  porphyritic  trap  or  greenstone  occur  in  groups,  on 
the  northern  side  of  Cuder  Idris,  a  mountain  in  Merionethshire. 
One  of  these  columnar  groups  is  represented  Plate  6.  fig  1.  the 
mtline  of  the  columns  was  taken  with  a  camera  lucida  by  Hen- 
ly  Stratt,  Esq.  of  Derby,  and  cannot  fail  to  be  correct ;  the  fig- 
ore  is  introduced,  to  show  the  relative  magnitude  of  the  columns. 
Eocks  of  trap  and  basalt,  both  in  solid  beds  and  also  arranged 
in  columos  like  those  of  Staffs,  were  observed  by  Sir  G.  Mac- 
kenzie on  the  coast  of  Iceland,  and  also  in  the  interior ;  the  lower 
parts  of  the  beds  and  columns  contained  scorioc  and  slags,  and 
Qmpty  cavities.     A  successive  range  of  beds  of  basalt  was  also 
observed  alternating  with  beds  of  tufa,  the  lower  parts  of  which 
presented  the  same  appearance  of  the  action  of  fire. 

From  the  situation  of  these  rocks,  and  from  the  existence  of 
submarine  volcanos  near  Iceland,  Sir  G.  Mackenzie  conceives 
that  these  beds  of  basalt  were  formed  under  the  sea  by  the  ejec- 
tion of  lava,  which  flowing  over  the  moist  submarine  ground, 
would  confine  a  portion  of  water  beneath  the  melted  mass :  this 
water  would  be  converted  into  elastic  vapour,  or  steam,  which 
would  endeavour  to  expand  ;  but  where  the  superincumbent  pres- 
sure of  the  ocean,  or  the  tenacity  of  the  lava,  prevented  its  es- 
cape, it  would  be  compressed,  and  form  cavities,  or  air  bubbles, 
at  the  bottom  of  the  melted  moss.     In  other  instances,  where 
the  fluidity  of  the  lava  permitted  the  steam  from  below  to  escape 
through  it,  the  mass  would  be  compact,  and  form  solid  basalt, 
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or  greenstone.  It  might  sometimes  happen  that  water  would  be 
inclosed  in  the  cavities  of  the  mass,  which  is  found  to  be  tha 
case  in  some  basaltic  rocks. 

Thus  according  to  the  different  circumstances  of  pressure  from 
the  depth  of  the  ocean,  and  from  the  tenacity  of  the  melted  mav 
he  suppi»ses  that  porous  and  vesicular  lava,  or  compact  basalt, 
might  be  formed  from  the  same  eruption  ;  or  the  mass  might  be 
porous  below  and  compact  above. 

As  Iceland  is  at  present  the  seat  of  active  volcanos,  and  as 
submarine  volcanos  are  forming  rocks  near  the  shores  of  that 
island,  Sir  George  Mackenzie's  explanation  of  the  causes  which 
have  produced  the  various  appearances  in  the  basaltic  ranges  of 
that  island,  seems  highly  probable.  In  Sicily  the  connection  of 
basaltic  with  volcanic  rocks  has  been  clearly  established  by  Ferrt- 
ra,  professor  of  Natural  Philosophy  at  Catania. 

In  the  vicinity  of  Clermont  Ferrand  in  Auver^nc,  a  thick  bed 
of  basalt  has  once  covered  an  extensive  tract  of  country;  it  resiB 
upon  a  bed  of  volcanic  tufa,  and  the  latter  frequently  coTersbeds 
of  fresh  water  limestone.     This  bed  of  basalt  and  the  subjacent 
tufa  and  limestone,  have  evidently  been  furrowed  and)»cavated 
by  the  same  causes  which  have  excavated  valleys  in  other  parts 
of  the  world ;  hence  the  basalt  occurs  forming  isolated  caps  on 
many  of  the  mountains.     In  some  parts  a  gradation  may  be  tra- 
ced in  the  same  bed  from  a  compact  basalt,  similar  to  that  of 
Arthur's  Scat  near  Edinburgh,   to  porous  basalt  approaching 
more  or  less  to  the  state  of  scoriaceous  lava.     But  the  basalt  of 
this  country  belongs  evidently  to  volcanic  products,  and  will  be 
described  in  the  chapter  on  volcanos.     It  may  be  proper  to  re- 
mark, that  as  the  basalt  of  Auvergne  covers  beds  of  fresh  water 
limestone,  which  belong  to  the  tertiary  strata,  its  age  is  evidentif 
posterior  to  that  formation  of  limestone,  which  is  regarded  as  tiie 
most  recent. 

Basalt  sometimes  presents  a  globular  structure,  globes  of  hard 
basalt  being  imbedded  in  a  mass  of  basalt  of  a  softer  kind. 

Wacke  or  earthy  basalt  has  frequently  a  greenish  or  reddish 
brown  colour  ;  it  often  contains  cavities  which  are  generally  fi"' 
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ed  with  nodules  of  agate,  or  with  zeolite  or  calcareous  spar.  The 
agates  are  composed  of  concentric  layers,  and  have  apparently 
been  formed  by  siliceous  infiltration  depositing  successive  coats 
within  each  other,  until  the  cavity  is  filled  up.  Basaltic  rocks  of 
this  kind  are  called  aroygdaloids.  The  Hill  of  Kinoul,  in  the 
vicinity  of  Perth,  is  formed  of  basaltic  amygdaloid,  containing 
agate  nodules  in  great  abundance,  of  various  dimensions,  and 
beaotifiilly  striped.  At  Woodford  Bridge,  in  Gloucestershire, 
there  is  a  low  rock  of  amygdaloidal  wacke,  which  is  much  inter- 
mixed with  green  earth,  and  has  in  some  parts  a  sapK>naceous 
tee\ ;  the  agates  which  it  contains  are  decomposing,  and  the  in- 
ternal concentric  layers  are  separated  from  each  other,  and  pre- 
sent the  appearance  of  edges  of  folded  paper,  with  small  intersti- 
ces between  each.  I  examined  this  singular  rock  in  1816;  it 
was  then  quarried  for  stone  to  mend  the  roads.  In  some  parts 
of  the  rocks  I  found  masses  of  corallite  of  considerable  size  en- 
veloped in  the  basaltic  amygdaloid.  I  found  also  in  this  rock 
well  defined  groups  of  prehnite,  which  was  not  then  known  to  be 
an  English  mineral :  it  has  since  been  discovered  in  the  basalt  of 
Staffordshire. 

The  occurrence  of  organic  remains  enveloped  in  basalt,  of 
which  there  are  various  instances,  may  admit  of  an  easy  explana- 
tion, if  we  allow  that  basalt  has  once  flowed  like  lava  at  the  bot- 
tom of  the  ocean.  Modern  lavas  often  envelop  bones  and  other 
substances  that  they  meet  with  in  their  course. 

Imbedded  interstratified  basalt  or  trap  is  sometimes  found  al- 
ternating with  rocks  of  undoubted  marine  origin,  in  Derbyshire 
there  are  three  beds  of  basaltic  amygdaloid  separated  by  thick 
beds  of  transition  limestone.  Mr.  Westgarth  Forstcr  has  de- 
scribed an  enormous  bed  of  basalt  in  Northumberland  and  Dur- 
ham, called  the  great  Whinstone  sill,  placed  between  regular 
strata  of  limestone  and  gritstone :  this  bed  varies  in  thickness 
from  twelve  to  sixty  yards.  Other  instances  might  be  cited  of 
basaltic  beds  interposed  between  regular  strata,  but  frequently 
the  strata  are  broken  and  disturbed  in  the  vicinity  of  the  basaltic 
beds.    At  Salisbury  Craggs  near  Edinburgh,  there  is  an  instance 
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of  a  bed  of  sandstone  apparently  broken  by  its  contiguity  to  trap; 
the  Kandstonc,  near  its  contact  with  the  trap,  is  converted  into  m 
substance  approaching  to  jasper.  A  very  interesting  account  is 
given  by  Dr.  MacCulloch  of  the  partial  interposition  of  beds  of 
tra|),  in  strata  of  sandstone,  on  the  coast  of  Scotland,  where  the 
trap  may  sometimes  be  seen  forming  apparently  regular  beds 
between  strata  of  sandstone,  and  suddenly  rising  through  part  of 
the  up|>er  strata,  and  forming  other  beds  above.  A  geueral  idea 
of  this  mode  of  interposition  is  represented  Plate  3.  fig.  2.  wheie 
the  strata  under  abed  of  colunmar  basalt,  are  intersected  verti* 
rally  by  a  dyke,  and  laterally  by  beds  of  basalt  of  limited  extent 
In  such  cases  we  may  trace  the  eflcct  of  a  disturbing  force,  whidi 
intruded  the  basalt  in  a  melted  or  softened  state  between  strata 
of  sandstone. 

The  beds  of  Derbyshire  toadstone,  and  the  great  Whinstone 
sill  in  Northumberland  and  Duiham,  may  have  been  formed  by 
re|MMited  eruptions  of  lava  over  the  bed  of  the  ocean  ;  or,  wbat 
is  less  probable,  they  may  have  been  intruded  long  after  the  for- 
mation of  the  strata,  with  which  they  are  at  present  associated. 

It  has  been  generally  believed,  that  the  veins  of  lead  ore  ii 
Derbyshire,  which  pass  through  the  beds  of  limestone,  are  entire- 
ly cut  off  by  the  toadstone  ;  and  if  this  could  be  proved,  it  woaU 
favour  the  opinion,  that  the  beds  of  toadstone  had  been  intruded 
between  the  beds  of  limestone,  after  the  formation  of  the  metal- 
lic veins.     In  some  instances,  however,  the  veins  of  lead  ore  do 
pass  into  the  toadstone,  and  are  rich  in  ore.     It  is  now  evea 
doubted  whether  all  the  veins  do  not  pass  through  the  beds  of 
toadstone,  though  ihev  mav  become  verv  narrow  or  vieW  no  ore 
when  in  the  latter  rock.     The  information  which  I  could  collect 
from  the  most  intelligent  miners,  when  I  was  last  in  that  countft 
still  leaves  the  question  undecided. 

Piute  1.  fig.  5.  represents  the  bed  of  limestone  ft.  ft.  ft.  separat- 
e<l  by  beds  of  toadstone  c.  e.  In  this  section  the  veins  are  rep- 
resented as  rut  through  by  the  toadstone:  if  this  be  really  the 
fact,  it  will,  as  helbro  stated,  favour  the  opinion  that  they  ii'crc 
intruded  subsequent  to  the  tormation  of  the  veins. 
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The  interesting  obsorvations  of  Dr.  Dauijeny,  in  his  Sketch  <•(" 
the  <icology  of  Sicily,  seem  clearly  to  iisccrtain,  that  l»i'(is  ot 
ainygdaloidal  trap,  alternating  with  beds  of  linicstono,  ha\(\  in 
that  island  at  least,  been  formed  bv  successivr  run  cuts  of  lava 
flowing  over  the  bed  of  the  wa,  at  intervals  of  time  so  distant,  as 
to  allow  the  deposition  or  formation  of  a  bed  of  limcstono  n\er 
each  current  of  lava.  A  considerable  district  n(»ar  L(>ntiiii,  on 
the  southern  side  of  Mount  ^-Etna,  and  also  a  j)art  of  the  isiaiid 
near  Cape  Passero,  are  composed  of  alteriialin*r  beds  of  la\a, 
with  tertiary  limestone  aboundin<r  with  or^^anic  remains  of  mad- 
reporites,  nummulites,  cerithea,  and  the  remarkable  fo>^iI  cuM'^d 
the  Hippurite.  9anta  Venera,  the  loftiest  mountain  in  the  vouth 
of  the  island,  is  capped  with  cellular  lava  :  beneath  it  is  a  Ix d  of 
limestone  with  minute  shells ;  at  a  lower  level  towards  Lentini, 
there  "is  a  second  bed  of  volcanic  matter  snnilar  to  the  tiist :  and 
two  other  similar  alternations  of  beds  of  limestont-  and  hna,  oc- 
cur still  lower  down.     Dr.  Daubenv  sav<   that  the  <'eilular  and 
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sen\i- vitreous  aspect  of  many  of  the  volcanic  bed-  a>-o<iaTed  with 
the  beds  of  limestone,  precludes  all  d'»ul)t  resix'ctiii:  th«.'  manner 
of  their  formation:  thecharacterof  c^lur  portion^  jnesents  strong 
analogies  to  rocks  of  the  traf)  familv ;  "tliev  are  compact,  i\nd 
have  a  stonv  fracture;  they  contai'i  ciA>ta!s  0I  olivine,  an<l  the 
cavities  are  filled  with  calcareous  ^jxir  or  //  oJiie<,  like  the  aih}g- 
daloids  of  more  ancient  strata:  and  in  snnie  of  tiie  beds,  a  ten- 
dency to  a  columnar  arran«rement  is  di^<:'rnible." 

This  account  of  Dr.  Daubeny's  atfords  additional  proof  of  the 
close  connection  of  ancient  volcanic  rocks  with  traj)  rocks, — n:ay 
we  not  add,  of  their  perfect  identity  :  it  is  beside  hiuhly  illustra- 
tive of  the  alternation  of  the  beds  of  basaltic  amygdaloid  in  Der- 
bvshire,  with  beds  of  limestone.  But  in  both  instances,  we  must 
admit  that  the  beds  were  formed  under  the  ocean,  before  the 
present  islands  and  continents  had  emerged  from  the  watery 
abyss. 

The  disturbances  and  contortions  of  sf>mo  of  the  lower  beds  of 
transition  limestone,  in  the  vicinity  of  trap  rocks,  were  mentioin^d 
in  Chap.  VII.     In  such  instances,  though  frequently  no  visible 
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connection  between  the  rocks  of  trap  and  limeBtone  can  be  tra- 
ced on  the  surface,  there  can  be  little  doubt  that  such  connection 
exists.  The  singularly  bent  limestone  beds  at  Wren^s  Nest  Hill 
near  Dudley,  arc  at  a  considerable  distance  from  the  nearest  ba- 
saltic hill ;  but  i  observed  in  the  town  of  Dudley,  where  a  wdl 
was  sinkiuf};,  that  the  stone  thrown  out,  was  granular  basalt  inter- 
mixed with  calcareous  spar. 

Sonic  species  of  trap  rocks,  and  particularly  the  softer  kinds  of 
basalt,  decompose  ra[>idly,  and  form  productive  soils  and  marie. 
1  am  inclined  to  believe,  that  some  of  the  most  fertile  soils  in 
England  were  formed  by  an  intermixture  with  decomposed  ba- 
saltic rocks.  What  has  been  called  basaltic  tufa,  is  a  voleame 
substance,  and  will  be  described  among  volcanic  products.  Some 
of  the  trap  rocks,  particularly  the  porphyritic  traps,  are  metailife* 
rous ;  but  it  is  rarely  the  case  with  any  of  the  British  trap  rocksi 
and  it  has  before  been  stated,  that  the  veins  of  lead  ore  in  Der 
byshire  are  either  cut  ofl'by  beds  of  basalt,  or  generally  cease  to 
yield  ore  when  passing  through  basalt. 

Having  described  the  principal  phenomena  attending  trap 
rocks,  whether  occurring  in  dykes,  in  unconformable  masses,  or 
interstratitied  with  other  rocks,  it  may  be  proper  to  mentioD  cer- 
tain experiments  that  have  been  made,  to  elucidate  the  formation 
of  basaltic  rocks.  All  trap  rocks  are  fusible,  and  most  of  them 
form  a  blackish-groen  glass  after  melting :  hence  it  was  inferred, 
that  trap  rocks  had  never  been  in  a  state  of  fusion  ;  for  if  they 
ha«l,  thev  would  have  been  rendered  vitreous.  Sir  James  Hall, 
however,  rotlocling  on  the  long  period  of  refrigeration  that  vast 
masses  of  melted  rock  would  necessarily  require  before  they  were 
ooolotl  to  the  common  temperature  of  the  earth,  was  induced  to 
make  experiments  on  lava  and  basalt :  trom  which  it  was  ascer- 
tained, that  if  a  small  portion  of  liquid  lava  were  suddenly  cooled^ 
it  formed  a  black  glass,  as  was  well  known  to  be  the  case  with 
basalt,  but  if  the  process  of  cooling  were  slow,  both  melted  lava 
and  basalt  became  stt>ne.  When  the  glass  which  had  been 
fornuMi  by  sudden  cooling  was  melted  again,  and  suffered  to  cool 
very  gradually,  it  lost  its  vitreous  character,  and  was  converted 
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into  a  substance  resembling  basalt.     Mr.  Gregory  Watt  niude 
some  experiments  on  the  fusion  and  refrigeration  of  basalt,  in 
one  of  his  father^s  furnaces,  which  throws  much  additional  light 
on  the  formation  of  the  globular  and  columnar  structure  oi*  ba- 
saltic rocks.     He  fused  seven  hundred  weight  c)f  the  Dudley  ba- 
salt caUed  Rowley  ragg,  and  kept  it  in  the  furnace  se\eral  days 
after  the  fire  was  reduced.     It  melted  into  a  dark-coloured  glass 
with  less  beat  than  was  necessary  to  melt  the  same  quantity  of 
pig-iron.     In  this  glass,  small  globules  were  formed,  which  after- 
wards disappeared  ;  and  as  the  cooling  proceeded,  the  mass  was 
changed  from  a  vitreous  to  a  stony  substance  :  other  globes  were 
again  formed  within  the  stony  mass,  which  continued  to  enlarge 
until  their  sides  touched  and  pressed   against  each  other,  by 
which  pressure  the  globes  formed  polygonal  prisms,     if  part  of 
the  mass  were  cooled  before  the  globular  structure  was  destroy- 
ed, these  globes  were  harder  than  the  surrounding  stone,  and 
broke  in  concentric  layers.     In  this  manner  the  balls  of  basalt 
and  porphyry  which  fall  out  of  decomposing  rocks  were  probably 
formed;  they  derived  their  superior  hardness  from  the  crystyllinc 
arrangement  of  the  particles  when  in  a  melted   state.     When 
these  globes  were  enlarged  by  a  continuation  of  the  same  process, 
they  might  press  on  each  other,  and  form  prisms.     The  upper 
prisms  pressing  by  their  weight  upon  the  lower,  mi/iht  form  con- 
cavities or  sockets,  into  which  they  would  sink,  and  remain  joint- 
ed together  or  articulated.     Such  is  frequently  the  structure  of 
basaltic  columns. 

Another  experiment,  made  by  Sir  James  Hall,  on  the  crystalli- 
zation of  common  limestone  by  heat,  ami  its  conversion  into  mar- 
ble, tends  to  elucidate  the  effects  produced  by  basaltic  rocks,  on 
limestone  and  chalk  before  mentioned.  Dr.  Ilutton  had  advan- 
ced the  opinion,  that  beds  of  limestone  were  formed  of  the  shells 
and  exuviae  of  marine  animals,  which  had  been  melted  by  cen- 
tral fire,  and  crystallized.  The  first  part  of  this  theory  respect- 
ing the  entire  formation  of  calcareous  rocks  from  animal  remains, 
it  is  not  necessary  to  discuss  at  present :  that  a  considerable  por- 
tion of  many  limestone  rocks  were  so  formed,  cannot  be  denied. 


^s. 
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It  was  however  objected  to  this  theory,  that  the  well-known  aC' 
tion  of  fire  on  limestone  rocks  would  expel  the  fixed  air,  and  ren* 
der  them  sod  and  pulverulent.  To  this  objection  it  was  replied, 
that  as  the  action  of  central  heat  on  beds  of  marine  sheila  took 
place  under  the  ocean,  the  pressure  of  the  water  would  prevent 
the  escape  of  the  fixed  air,  and  would  probably  render  the  calca- 
reous earth  more  fusible.  This  answer  was  regarded  as  a  meie 
hypothesis  for  some  time,  but  Sir  James  Hall  determined  to  try 
its  validity  by  experiments.  Having  calculated  the  resistance 
which  a  column  of  water  fifteen  hundred  feet,  or  any  given  depth, 
would  present  to  the  escape  of  fixed  air,  he  inclosed  a  quantity  of 
powdered  chalk  in  a  gun-barrel,  and  confined  it  in  such  a  manner 
as  to  present  an  equal  degree  of  resistance.  He  subjected  the 
powdered  chalk,  thus  confined  for  some  time,  to  the  action  of  a 
furnace ;  it  was  then  drawn  out  and  cooled,  and  was  found  con- 
verted into  crystalline  limestone  or  marble ;  and  in  one  instance, 
where  the  chalk  inclosed  a  shell,  the  shell  had  acquired  a  crystal- 
line texture,  without  losing  its  form.  Hence  in  situations  where 
chalk  or  earthy  limestone  is  found  to  have  a  crystalline  texture, 
when  in  contiifuity  with  trap  rocks,  we  may  with  a  high  degree 
of  prol)abiIity  infer,  that  the  limestone  had  been  fused  by  the  trap. 

A  recapitulation  of  the  facts  and  experiments  which  prove  the 
igneous  origin  of  trap  rocks,  would  afford  a  mass  of  evidence 
which  might  convince  the  most  sceptical  inquirer:  but  such  a 
recapitulation  is  needless,  as  in  many  situations  undoubted  cur- 
rents of  lava  pass  into  trap  rocks,  and  we  have  ocular  demonstra- 
tion of  the  fact. 

The  reason  why  geologists  were  so  long  opposed  to  the  igne- 
ous origin  of  basaltic  rocks,  may  partly  be  explained  by  the  at- 
tachment to  received  theories,  and  partly  by  the  reluctance  to 
admit  a  condition  of  our  planet,  so  remote  from  present  experi- 
ence. It  was  thought  an  ample  claim  on  our  credulity,  when  we 
were  required  to  believe,  that  all  the  habitable  parts  of  the  globe 
had  been  for  ages  submerged  in  the  ocean,  without  requiring  the 
further  belief,  that  countries  now  remote  from  active  volcanos, 
had  been  repeatedly  subject  to  the  agency  of  subterranean  fire. 


WSBMBm  TUJBURT.  ]61 

tfYel  h¥k  dwM  jMitiOM  niost  be  granted,  if  we  will  allow  a  legit- 
-  ^imala  mineiiaa^bom  establiAed  facts. 

The  adfoeaflN'of  the  aqueom  origin  of  basaltic  rocks,  while 
f.  "Ibef  aiJfMiiead  theoi  iei  which  made  claims  upon  our  faith,  equal- 
ly naii|niinliiil  by  present  experience,  failed  entirely  in  their  at- 
JMipti  t^eapiMB  the  causes  of-  existing  phenomena  in  a  satisfac- 
i"  tbnf  ttaeeer.  The  theory  of  Werner  was  for  some  time  zeal- 
L  '<0<s^  seppJMteJi,  and  particularly  the  least  tenable  part  of  it, — 
^  ^e-fiMVMtiQO  of  basaltic  rocks  by  a  second  rising  of  the  ocean, 
I  ifkkh  (le|idetted  them  on  the  summits  of  elevated  mountains. — 
>^  ilhnef  be  proper  to  give  a  brief  account  of  this  part  of  the  Wer- 
syitem,  befbra  it  entirely  sinks  into  oblivion. 
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''  Aeeorfingto  theiheory  of  Werner,  all  the  superficial  parts  of 
the  IJkihe  weie  oaoi  in  a  state  of  aqueous  solution,  from  which 
tlwnMlerieh'wae  at  first  separated  by  chemical  deposition  in  a 
lajaleBinfi  stttei'md  formed  a  thick  mass  of  granite  round  the 
^bbe.  Upos  ffmaattdj  the  primary  rocks  were  successively  dcpo- 
liled,  fafming  layeii  eter  each  other  like  the  coats  of  an  onion. 
Ove^  dme  egaih  wen  laid  the  transition  rocks :  and  next,  the 
eerily  sCiettfed  leelft  Each  of  these  layers  was  supposed  to 
globe,  or  to  be  an  universal  formation.  While  this 
gomg  on,  the  waters  were  gradually  retiring  and  be- 
ceme  tnrbid :  hence  the  materials  which  they  deposited  to  form 
the  apper  itnta,  were  more  earthy  than  those  of  the  primary 
rocks ;  they  were  also  intermixt  with  fragments  of  the  rock  pre- 
skmsl|  fiantod.  According  to  this  system,  mountains  and  valleys 
were  caused  by  the  original  inequality  of  the  nucleus  of  the  earth. 
So  for  the  parts  of  Werner's  theory  are  consistent ;  and  we  have 
a  world  ready  made,  in  which  every  thing  might  be  supposed  to 
remain  quiet ;  but — non  sic  Fata  sinunt ; — Neptune,  ashamed  of 
his  late  retreat,  and  indignant  at  his  confinement  in  such  narrow 
fieiits,  GaUs  the  infernal  deities  to  his  assistance,  and  rising  in  his 
■Mght;  once  more  takes  possession  of  the  globe.  He  covers  it 
with  the  depurgations  of  his  turbid  waves :  but  again  he  is  com- 
plied slowly  and  reluctantly  to  retire  from  (lie  field,  leaving  be- 
Mnd  him  the  basaltic  rocks,  the  monuments  of  his  triumph  and 
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his  shame. — Such  is  in  substance  the  theory  of  Werner  resped' 
ing  the  origin  of  all  the  superincumbent  rocks  of  basalt  and  trap. 
They  are  also,  according  to  this  theory,  universal  formations.  It 
is  scarcely  possible  for  the  human  mind  to  invent  a  system  more 
repugnant  to  existing  facts.  Were  basaltic  rocks  deposited  from 
a  solution  which  covered  the  globe  after  the  formation  of  secon* 
dary  strata,  as  Werner  supposes,  every  part  of  the  dry  land  and 
every  valley  must  have  been  incrusted  or  filled  with  basalt^ — it 
would  be  the  prevailing  rock  of  every  district.  On  the  contrary, 
basalt  exists  only  in  particular  situations,  forming  dykes,  and 
overlying  masses  or  beds  of  limited  extent:  nor  do  fi-agments  of 
basalt  occur  in  any  quantity  to  warrant  the  belief  that  it  wu 
ever  formed  universally  over  the  globe ;  and  what  is  here  said 
of  basalt,  applies  equally  to  all  unconformable  rocks  of  porphyij, 
and  the  other  trap  rocks.  Nothing  but  the  obscure  language  in 
which  the  doctrine  of  Werner  was  advanced,  could  have  preven- 
ted its  absurdity  from  being  instantly  perceived  and  acknowl- 
edged. 

With  respect  to  the  relative  age  of  trap  rocks,  it  is  evident 
that  if  they  are  of  igneous  origin,  they  may  have  been  formed  at 
any  period.  We  have  certain  indications  that  basaltic  rocks  were 
formed  at  different  epochs ;  some  of  the  basaltic  dykes  which 
cut  through  the  coal  strata  in  the  northern  counties,  do  not  enter 
the  magncsian  limestone  that  covers  the  coal  strata.  Hence  it  is 
clear,  that  such  basaltic  dykes  were  formed  before  the  magnesian 
limestone  was  deposited ;  while  the  Cleveland  basalt  dyke  passes 
through  many  of  the  upper  secondary  strata,  above  the  magne- 
sian limestone,  and  is  therefore  of  posterior  formation  to  that  rock. 

OBSERVATIONS, 

The  unconformable  porphyrilic  and  basaltic  rocks,  which  are  the 
subject  of  this  chapter,  cannot  be  classed  according  to  their  relatiTC 
ages,  as  they  occur  with  all  the  other  classes  of  rock.  From  this 
circumsltancc,  the  author  has,  on  reconsideration,  been  induced  to 
deviate  somewhat  from  the  arrangement  proposed  in  Chapter  I.,  and 
to  place  the  unconformable  massive  rocks  after  the  primary,  transi- 
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Con,  wai  Iwpct  ■acop Jmj  rocks,  which  cover  each  other  conformably. 
Between  tte  deposition  of  the  lower  secondary  and  the  upper  secon- 
derj  rockiv  there  appears  to  have  been  a  considerable  pause  or  inter- 
val, daring  which  the  beds  of  tlie  lower  rocks  were  elevated,  before 
tbe  upper  were  deposited  upon  them  unconformably.    Hence  it  was 
thenghl,  that  the  description  of  the  unconformable  massive  rocks 
might  properly  be  placed  between  that  of  the  lower,  and  the  upper 
■econduy :  and  should  any  of  my  readers  be  disposed  to  deem  the 
poiltkin  of  this  chapter  miconformable  with  the  order  first  proposed, 
let  them  reddlect,  tliat  I  had  unconformable  subjects  to  treat  of.    In 
ibe  Mef  Aetch  of  the  different  classes  of  rocks  given  in  the  first 
chapter,  it  was  not  thought  desirable  to  perplex  the  learner,  or  dis- 
tarb  the  regolar  succession  of  the  different  clashes  of  rock,  by  intro- 
fccing  those  which  occur  among  them  all  unconformably.    By  this 
teriatlon  froim  die  original  arrangement,  it  will  be  necessary  to  make 
&e  oppet  ■erendiry  strata  a  class  distinct  from  the  lower  secondary ; 
and  tlie  dMsreace  between  them  is  so  well  marked  and  definite,  that 
thej  mwf  prapeclj  he  r^purded  as  forming  two  classes.    The  altera- 
tion here  mentioned,  amounts  however  to  nothing  more  than  a  mere 
difciencn  fas  the  collocation  of  the  classes. 


CHAPTER  X. 

\  RrTKk>srFiT:vr  vikw  or  certain  (geological  facts  and 

lN5k:Kfc.\iK>  >T\rEn  IN  THt  PRECEDING  CHAPTER. 

Bs}\^«^E  «o  ppHTttii  i*"*  t!ic  Upper  Secondary  Rocks,  it  maybe 
us/!\i  :>  rv\it?\\  ><^:t:o  •»t'i::c  lta«iini!  f:icb:  stated  in  the  precediug 
oa.u^urs,  and  to  n>'i:oo  crrtaiii  inquiries,  which  may  naturally  pre- 
soul  ihomsvI\o<  to  liio  nnnd  of  the  geological  student.  It  ap- 
^vurs  from  -.ui  ox»imina:i"n  «»f  the  cfu*t  of  the  globe,   wherever 

II  has  luvu  si*iouiifu'all>  i  \plorcd.  that  there  is  an  order  of  snc- 
cos>iou  iT  supt*r(Kv:-u<»n  in  iho  r«K-k<  of  every  country,  which  may 
oUcu  Lk'  tract'il  ••*.cr  u  c•>ii^idoruhIo  extent ;  and  tliat  in  countriei 
\or\  rcuK^o  fr«Mii  cacit  otiior.  dn  approximation  to  the  same  o^ 
licr  IS  oltM*r\  .iUii\  except  in  oih  iluss  of  rocks  wiiich  are  obtm- 
.u\i  irn^jiilar  \.  and  io\or  i»iIkt  roi'k>  witliout  any  deteminale 
v'lxscr  ot'  MK-ocssiiivii.  as  liiscrihtii  in  the  last  chapter.  It  not  on- 
tix^puntl\  h.ip[HMi>,  tluii  in  a  series  of  rocks  which  occur  in  two 
di«*uuu  dixfiK^is,  some  menilH-rs  of  the  series  may  be  wanting  in 
^^\u\  \\\\\\'U  wetind  in  the  other:  hut  still  the  order  of  those  rocks 
uhii  )i  leinain  uill  he  the  same  in  hoth.  It  is  easy  to  conceive 
thill  ilie  eauM'  or  caiise'^,  uhutevrr  tiiov  inav  be.  uhich  have  form- 
(mI  et^tuin  locks.  h:i\e  Ix'on  h  mi  ted  in  the  extent  of  their  action, 

III  \^«^  know  to  be  fMM|u«'nily  the  ca>e  «in  a  smaller  scale,  where  a 
•ill u( urn  «»!'  sandstone,  iVr.  after  preserving  its  regular  thickness 
Itii  '.rxtTal  miles,  becomes  irradiinlly  narrower,  till  at  length,  in 
HiK  hin^ua«:e  of  the  miner,  it  i/r/Zi'-ejt  <jm/,  and  the  stratum  above 
mid  beneath  c(»mes  in  immediate  contact.  In  other  instances, 
IJH-  rtM'k  whirh  is  intciposrd  between  two  well  known  and  identical 
HM'ks  in  di*Jtant  disirieis,  is  not  the  same  in  both  :  this  may  be  fie- 
ipieiitly  observed  amon^  the  upper  secondarv'  strata,  which  will 
next  b(;  described.  In  such  cases,  the  different  rocks  that  occur 
in  the  sauM:  ^eolo^ical  position  have  been  called  equivalents  of 
each  oilier.  An  instance  mentioned  in  a  preceding  chapter,  may 
serve  to  cx|»lain  what  is  meant  by  a  geological  equivalent.  In 
the  beds  of  transition  limestone  at  Llanymynal,  which  are  verjr 
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TCgiriailj  vintified,  one  itratam  of  the  best  limestone  suddenly 
termillfttflit  and  itt  place  is  sapplied  by  a  bed  of  nmrle  of  equal 
thiduieaa ;  ui  the  saine  manner  as  we  might  suppose  part  of  a 
eo«iraeofbfficbtobetakenoutof  awall,and  its  place  filled  up  with 
day ;  the  day  would  be  the  equivalent  of  tiie  course  of  bricks. 

In  nuny  of  the  lower  conformable  rocks,  there  is  a  frequent 
taidency  to  reproduction  in  the  upper  parts  of  the  series :  thus, 
the^gh  the  regdar  order  of  succession  may  be  granite,  gneiss, 
BueirfliBte,  aad  elate,  (the  clay-slate  of  Werner,)  we  often  find 
beds  of  granite  among  gneiss  and  mica-slate,  and  sometimes 
in  alttte.     When,  however,  we  consider,  that  the  chemical 

iponUoB  of  all  these  rocks  is  very  nearly  the  same ;  that  si- 
let  forma  OB  the  average  three^fourths  of  their  constituent  parts, 
aad  ahauaune  about  one*sixth  or  one-eighth,— the  proportions  of  the 
lemaiHHig^ parts  cannot  greatly  affect  the  condition  of  the  mass; 
and  it  H  to  the  eiicnmstances,  (whatever  they  may  be,)  which 
have  occasinned  a  more  or  less  rapid  consolidation  of  the  parts, 
tbai  wa  o«|^  pfcbaUy,  to  attribute  the  formation  of  granite  in 
iHia  past  of  a  monatnn,  and  of  gneiss,  mica-slate,  or  slate  in 
another,  aod  Che  leappearance  of  granite  above  the  latter  rocks. 
An  inquiry  natnrafly  suggests  itself,  on  observing  that  the  order 
of  succenion  in  rocks  is  not  invariably  the  same  in  distant  coun- 
tries? Are  the  similar  rock  formations  in  distant  parts  of  the  world 
cotemporaneons  T  or  were  rocks  of  diflerent  classes  forming  at 
fha  sauM  period  ?  Is  the  granite  of  England  for  instance  more  or 
less  ancient  than  the  granite  of  the  Alps  ?  or,  are  the  secondary' 
iMata  of  one  country,  as  old  as  the  primitive  rocks  of  another. 

Were  it  not  for  the  organic  remains  in  diflerent  rocks,  we 
could  not  (as  Cuvier  has  well  observed,)  be  certain  that  all  rock 
formations  were  not  cotemporaneous.     With   respect  to  those 
rocks  which  contain  no  organic  remains,  and  under  which  there 
are  no  other  beds  containing  organic  remains,  we  must  grant  that 
they  may  be  cotemporaneous,  or  they  may  have  been  formed  at 
difGsrent  and  distant  epochs.    The  beds  of  granite  which  are 
nearly  vertical  in  mountain  ranges,  must  have  acquired  a  consid- 
erable degree  of  solidity,  before  the  period  when  the  beds  were 
niaed :  bat  if  we  date  their  age  from  the  epoch  of  their  eleva* 
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tion,  wc  shall  be  obliged  to  admit  the  different  ages  of  gnuute 
mountains,  and  that  the  granite  of  Chamwood  Forest,  is  more 
ancient  than  that  of  the  Alps.  Of  this  we  have  as  direct  proof 
as  we  could  possibly  require.  In  the  Alps,  the  beds  of  the  upper 
secondary  strata,  analogous  to  our  magnesian  limestone,  lias,  and 
oolite,  are  raised  into  nearly  a  vertical  position  conformable  to 
that  of  the  beds  of  granite,  and  they  must  all  have  been  elevated 
at  the  same  time. — See  Plate  2.  fig.  2.  where  the  relative  situa- 
tion of  the  beds  of  upper  secondary  limestone  is  represented,  a.& 

At  Charnwood  Forest  in  Leicestershire,  very  highly  inclined 
beds  of  granitic  and  slate  rocks  are  covered  with  horizontal  beds 
of  the  upper  secondary  strata,  analogous  to  tliose  in  the  Alpib 
See  Plate  2.  fig.  4.  a.  a.  Now  it  is  evident  that  the  granitic  and 
slate  rocks  were  raised  before  the  horizontal  strata  were  deporit* 
ed  upon  them.  Hence  we  attain  the  knowledge  of  an  interesting 
fact  in  the  natural  history  of  our  island  ; — its  low  ranges  of  prim- 
itive or  transition  hills  are  more  ancient  than  the  majestic  moon* 
tains  of  Switzerland  and  Savoy :  nor  can  this  conclusion  be  in- 
validated, unless  we  admit  what  would  be  contrary  to  analogy, 
that  secondary  strata,  possessing  the  same  geological  relations 
and  the  same  organic  remains,  were  formed  at  different  epochs. 
I  have  cited  the  Charnwood  Forest  hills,  because  there  the  proof 
is  more  direct  and  palpable  than  at  the  Malvern  Hills  or  else- 
where ;  for  the  horizontal  upper  secondary  strata,  may  be  seen 
resting  immediately  on  highly  inclined  beds  of  granitic  and 
schistose  rocks. 

The  horizontal  beds  resting  on  the  Charnwood  Forest  granite 
and  slate,  are  composed  of  sandstone,  a  part  of  the  red  marie  tod 
sandstone  formation;  and  at  a  little  distance  the  sandstone  if 
covered  by  strata  of  lias  limestone,  6. 6.  which  determine  its  rebr 
tive  age.  In  some  parts  the  sandstone  strata  also  cover  the  coal 
strata,  and  the  latter  rise  very  abruptly  as  they  approach  the 
granite  in  the  north.  At  the  Vosges  mountains  in  France,  the 
same  red  marie  and  sandstone,  associated  with  lias,  covers  the 
granite  and  coal  strata  unconformably. 

When  M.  D^Aubuisson  published  his  Traite  de  Geognosie^  in 
1819,  he  asserted,  that  the  beds  of  granite  in  the  Alps  wereraif- 
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ed  into  their  present  vertical  or  highly  inclincrl  position  soon  after 
their  original  formation.  I  visited  the  Alps  in  the  two  following 
years,  and  the  appearances  presented  by  the  secondary  strata 
compelled  me  to  draw  a  very  different  inferencfi  rt^sprctiiig  tli(^ 
period  when  the  beds  of  granite  were  elevatcnl,  which  1  slated  in 
the  second  volume  of  my  Travels,  published  in  \iV23, 

"One  important  fact  may  be  deduced  from  those  elevated  beds 
of  padding-stone,  sandstone,  and  other  strata,  con)]>arativeIy 
modern,  ranging  conformably  with  beds  of  irranite  and  gneiss; 
namely,  That  the  beds  of  granite  did  not  accjuire  their  elevated 
position  till  after  the  formation  of  the  secondary  strata.  In  Eng- 
land, the  elevation  of  the  beds  of  granite  was  anterior  to  the  de- 
position of  the  upper  strata,  consisting  of  nia<rnesian  limestone, 
lias  limestone,  oolite,  chalk,  and  the  intervenifig  sandstones  ;  for 
att  these  strata  lie  nearly  flat  over  the  ed^^es  of  the  inclined  undei 
strata.  On  the  contrary,  in  Savoy,  strata  of  similar  formatK^ns 
occur  nearly  Tertical,  and  frequently  conl'ormabh^  to  the  range 
and  dip  of  the  granitic  formations.  These  facets  would  prove, 
that  the  causes  which  have  elevated  granite,  have  acted  at  differ- 
ent epochs  on  various  parts  of  the  globe,  unless  we  are  prepared 
to  Bdmit  that  similar  calcareous  formations,  containing  similar 
organic  remains,  were  not  colemporaneous  in  different  countries.'' 

In  the  latter  part  of  the  same  volume  1  further  stated,  that  as 
some  of  the  strata  on  the  Diableret  mountain^;  in  th(^  Vallair>  con- 
tain, at  the  height  of  seven  thousand  feet,  fo>sils  simiir.r  lo  those 
of  the  tertiary  strata  in  the  Paris  Basin,  it  w;is  more  rea.onable 
to  believe  that  they  had  been  raisetl  sijire  their  deposition,  than 
that  freshwater  formations  had  covered,  any  [lari  of  tiie  (;ar?h  at 
such  a  vast  elevation;  and  hence  we  may  infer,  that  the  (■j>n(th 
when  the  granite  of  the  Alps  wa^  raised,  i-^  comi»arativ(>ly  receiit.* 


*  SiDCC  the  author  published  his  opinion,  in  Is2:<,  rfsprctin;^  thi^  r.^ci  nt  (•I.'\ati<<n 
of  the  Alps,   foumlcd  on  an  'itteiUivt.-   cxruiiiii.'tion  oi  tin*  snu.-iiii'  ■  \  the  P«-.i.Mii' 
and  Bernese  Alps;  M.  Von  Kuch,  At.  1..  VA'w  i'r  iMMii'-iont.  i-n  ;  M.  Andre  t'o  I.nr 
"f  Geneva,  have  mlvfinced  similar  oiuni()n>,  .n\<\  >iatt  d   'hal  the  i  It  vntjon  of  tliosc 
mnttntdins  took  place  ^ftor  the  forniatioii  '»f  tin-  tortimv  ^^trat;! 
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It  may  be  said  that  geologists  formerly  admitted  the  difiereiit 
ages  of  granite ;  by  this  they  generally  meant  to  apply  the  term 
Newer  Granite,  to  the  beds  of  granite  which  occur  in  gneiss  or 
mica  slate,  which  being  above  the  great  formations  of  granite, 
may  perhaps  be  regarded  as  more  recent.     Some  geologists  have 
indeed  attempted  to  discover  a  diflerence  in  the  age  of  different 
granites  which  they  regard  as  primary ;  but  they  have  not  clearly 
informed  us  whether  ihey  admit  the  existence  of  an  older  primi- 
tive granite,  under  the  newer.     The  attempts  which  have  been 
made  to  distinguish  the  newer  and  older  primitive  granites  by 
their  mineral  characters  appear  so  nugatory,  that  I  feel  much 
surprised  that  M.  Humboldt,  a  geologist  to  whom  science  owei 
so  much,  should  have  lent  the  sanction  of  his  authority  to  sucht 
useless  labour.     In  every  country,  granite,  under  whatever  mode 
it  may  present  itself,  whether  large  or  small  grained,  or  slaty,  if  H 
be  the  Icnvest  rock  that  can  be  observed,  and  if  it  be  coTered  by 
either  gneiss,  mica-slate,  or  slate,  may  be  regarded  as  the  primi* 
tive  foundation  rock  of  that  country,  if  there  be  any  use  in  pre- 
serving the  term  :  its  relative  age,  compared  with  that  of  other 
countries,  can  be  determined  only  by  the  position  of  the  rocb 
that  rest  upon  it. 

With  respect  to  the  identity  of  age,  or  what  is  pedantically 
named  the  synchronism  of  rock  formations  in  distant  countries, 
there  can  be  little  hesitation  in  admitting  it,  where  the  association 
with  f>ther  rock  formations  is  similar  in  both  countries,  and  par 
ticularly  where  a  similarity  of  mineral  character  is  observable.  It 
will  not  be  denied  that  the  chalk  and  oolite  in  Yorkshire  were 
cotemporaneous  with  certain  parts  of  the  chalk  and  oolite  form- 
ations in  the  southern  and  western  counties.  In  the  same  min- 
ner,  we  may  admit  that  the  chalk,  and  oolite,  and  lias,  on  the  op- 
posite side  of  the  Channel,  in  France,  are  cotemporaneous  with 
similar  formations  in  England,  with  which  they  preserve  an  iden- 
tity of  mincralogical  and  zoological  characters.  Having  oncc 
traced  these  formations  to  the  North  of  France,  we  mav  admit 
their  idontiiv  with  similar  formations,  preserving  the  same  identity 
of  character  through  many  of  the  inland  departments  of  France, 
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and  to  the  Salins  at  the  foot  of  the  Jura  range.    Over  so  large  an 
eitent  of  country  we  may  expect  to  find,  as  wc  do  in  distant  dis- 
tricti  ID  England,  that  certain  parts  of  a  series  which  occur  in  a 
certain  formation  in  one  place,  are  wanting  in  another.     In 
France,  tome  beds  occur,  in  the  lias  for  instance,  which  have  not 
hitherto  been  found  in  Great  Britain :  but  making  allowance. for 
such  partial  variations,  we  cannot  hesitate  to  admit  the  identity 
of  the  formations  in  both  countries,  and  also  their  identity  of  age. 
When  we  enter  the  Jura,  or  the  great  calcareous  ranges  of  the 
JUp«,  the  enormous  thickness  of  the  beds,  which  are  frequently 
uacceasible,  and  the  indurated  and  subcrystalline  texture  which 
^they  often  assume,  present  considerable  difficulties,  when  we  at- 
*tempt  to  identify  them  with  well  known  formations.     Much  con- 
cision and  contrariety  may  be  observed  in  the  classification  of 
ihese  rocks  by  different  geologists :   but  this  has  arisen  partly 
Jrom  the  observers  not  being  thoroughly  acquainted   with  the 
:forniation8  with  which  they  were  to  make  the  comparison,  and 
partly  from  the  vague  and  contradictory  use  of  the  terms  Alpine 
^mestone  {adcaire  Alpin^)  and  Jura  limestone  {calcaire  de  Jura,) 
There  ^9,  however,  in  some  parts  of  these  mountains,  both  an 
identity  of  mineral,  and  of  zoological  characters,  with  some  of 
the  formations  in  the  upper  secondary  strata  in  England.     A 
thick  bed  of  blue  lias  filled  with  the  GryphiPa  araiata^  in  the 
mountains  on  the  lake  of  Annecy,  and  fragments  of  oolite,  like 
that  of  Gloucestershire,  from  the  top  of  Mont  Grenier,  near 
Chamberry,  left  me  no  doubt  of  the  identity  of  the  formations  of 
England,  France,  and  Savoy ;  and  no  reason  can  be  assigned, 
which  might  lead  us  to  infer  that  the  similar  formations  in  each 
country  were  not  cotemporaneous.     With  respect  to  very  remote 
countries,  or  the  countries  in  opposite  hemispheres,  we  have  as 
yet  few  data  to  determine  whether  there  be  an  identity  of  fossil 
remains,  which  can  identify  formations  that  may  appear  analo- 
gous, when  they  occur  in  very  different  latitudes,  and  under  very 
different  degrees  of  temperature. 

There  is  another  circumstance,  independent  of  climate  or  re- 
mote distance,  that  may  have  occasioned  a  change  in  the  genera.. 

^2 


t70  '       ORGANIZATION  OF  ANIMALS 

and  even  in  the  orders  and  classes  of  animak,  whose  remains  U0 
found  in  similar  strata.     The  ocean  may  have  been  much  deeper 
in  one  part,  than  in  another  not  very  remote,  and  the  deepesi 
bed  of  the  ocean  might  support  genera  of  pelagian  animals;* 
while  a  more  shallow  adjacent  part,  might  be  tenanted  by  differ' 
ent  genera,  and  even  different  orders  and  classes  of  animab^ 
whose  organization  fitted  them  for  moving  nearer  the  surface  «f 
the  woter.     The  transition  strata  were  probably  formed  under  a 
great  depth  of  the  sea :  and  the  animals  that  possessed  the  pow^ 
er  of  locomotion  in  an  eminent  degree,  whose  remains  are  iboirf 
in  those  strata,  arc  not  numerous  ;  these  are  the  chambered  uii- 
valvc  MoluscoR.     Their  shells  arc  mostly  cyhndrical  or  conietly 
divided  into  different  cells,  with  a  tube  or  siphunculus  paMUig 
through  each  cell,  by  which  they  were  enabled  to  exhaust  ll» 
water,  and  rise  to  the  surface  from  immense  depths.     The  sheBs 
of  these  animals  did  not  form  an  outer  covering,  but  were  partly 
enveloped  In  their  bo<Iies ;  they  had  heads  surrounded  bf  foeien 
and  large  eyes,  their  beaks  were  like  those  of  the  parrott    The 
feelers  which  surrounded  their  heads,  served  them  for  selling  thdr 
prey,  and  for  swimming  and  walking  at  the  bottom  of  the  sea; 
they  swam  with  their  heads  behind  thorn,  and  when  they  walked 
their  heads  were  downward.     There  are  only  two  known  genera 
of  chambered  animals  of  this  class  inhabiting  the  present  seat; 
the  Nautilus,  and  the  Spirula, — their  shells  are  spiral ;  the  grea^ 
est  number  of  chambered  fossil  shells  found  in  the  upper  secon- 
dary strata  arc  also  spiral,  and  are  well  known,  as  Ammonites 
and  Nautilites.     It  is  probable  that  the  animals  that  had  straight 
chambered  shells,  possessed  greater  facility  of  rising  to  the  sor- 
face  than  the  spiral  ones,  and  accordingly  we  find  them  chieflf 


*■  Pelajpan  animals,  so  called  by  naturalists  because  they  live  in  deep 
t  The  animals  of  this  Order,  to  which  Cuvier  has  given  the  name  of  Cqphakft' 
lUSy  from  their  feeler*,  which  serve  as  feet,  being  attached  to  their  heads,  compiiw 
several  genera,  as  the  Sapia  or  scuttle* fish,  the  calmar,  fcc.  but  these  animals  bi*v 
no  shells.  There  are  only  two  known  living  species  of  Cephalopodes  with  ehaabsr- 
ed  shells.  The  Argonauta,  common  in  the  Mediterranean,  has  an  open  udcImb* 
bered  shell.  Tliero  are  numerous  minute  microscopic  chambered  shells  ktmd  in 
ilie  present  seas,  but  according  to  Cuvier  the  living  animal  haa  never  yet  been  oh- 
Mryed.— i2^  jme  Jlnimal,  torn.  ii.  p.  867. 


LIVING  m  DEEP  SEAS.  1 7 1 

in  tlie  oldett  and  lowest  formations.  The  animals  of  this  class 
having  heads  and  various  senses,  seem  to  rank  high  in  the  scale 
of  sentient  organic  beings;  but  tbey  are  not  iiumcrous  till  wc 
rise  into  the  upper  secondary  strata  above  the  coal  formation. 
Very  few  spirsj  onehambered  shells  occur  in  the  transition  rocks  ; 
fiir  these  animals  crawl  on  their  bellies  like  the  snail,  and  do  not 
veem  fitted  to  live  in  deep  water,  unless  like  the  Helix  Janthina, 
wfaiehneady  resembles  the  snail  and  lives  in  the  Southern  Ocean, 
tbqr  had  little  appendages  like  bladders,  which  enabled  them  to 
-rise  to  the  sni&ee.* 

Umralve  onchambered  spiral  shells  become  numerous  in  the 

■pper  strata,  probably  from  the  circumstance  that  these  strata 

were  deposited  under  shallower  seas.     With  respect  to  that  class 

-efliie  testaceous  Moluscse  which  did  not  enjoy  the  privilege  of 

Inmig  heads  and  eyes,  their  motives  for  travelling,  whether  for 

pleasure  or  necessity,  must  have  been  few  indeed ;  and  they  may 

be  snpposed  to  enjoy  life  as  well  in  the  deepest  recesses  of  the 

eeeen,  as  nearer  its  surface.    The  tenants  of  bivalve  shells  called 

bj  Cnvier  JLcqpiaZex,!  have,  however,  a  power  of  locomotion, 

which  they  ^sct,  some  by  thrusting  out  a  membrane  called  a 

Aot,  and  with  it  they  also  attach  themselves  to  rocks  or  other 

bodies,  by  a  number  of  filaments  called  the  Byssus,  which  they 

can  remove  at  pleasure ;  but  others  have  two  tubes,  with  which 

tliey  force  out  water  with  considerable  violence,  and  impel  them- 

ndves  in  an  opposite  direction ;  and  others  again,  by  a  strong 

BOeoscnlar  action  in  opening  and  shutting  their  shells,  can  jump 

twelve  inches  at  one  leap. 

AD  these  modes  of  motion  however,  though  sufficient  for  the 
wants  of  the  animal,  are  very  limited  in  their  operation,  and  are 
equally  adapted  for  animals  in  deep  or  shallow  seas,  in  rivers  or 
lakes:  accordingly  we  find  numerous  testaceous  Moluscas  of  this 
dass,  both  in  the  transition,  the  secondary,  and  the  tertiary  strata, 
and  in  our  present  seas  and  lakes,  and  at  various  depths. 

*  AU  aneliiiiibered  ipiral  ihelU  were  occupied  by  animals  wliich  had  an  OTf^nn  of 
WBtioD  piMtted  under  tfie  body,  as  in  snails ;  they  had  heads,  and  they  are  caUed  by 
Cuvicfv  OoBtercpoda. 

t  Acepbales— having  no  heads. 


CHAPTER  XI. 

ON  THE  UPPER  SECONDARY  ROCKS. 

On  the  Miaertl  and  Zoological  characters  which  diBtinguish  Rocka  of  this 
Large  Saurian  Animals. — Magnesian  Limestone  or  Dolomite. — On  the  occurreaet 
of  Magnesian  Earth  In  Calcareous  Rocks. — Compact  and  cellular  MagDerin 
Limestone. — English  Strata  of  Magnesian  Limestone  compared  with  thow  on  tbt 
Continent  of  Europe. — Red  Marie  and  Sandstone. — Variety  of  its  Mineral 
actcrs. — ^Tho  accordance  of  the  English  Strata  of  red  Marie  with  those  of  Ki 
and  Germany  ascertained. — Tlie  red  Marie  and  Sandstone  of  the  Yoflges. — ^fia- 
glish  red  Marie  and  Sandstone  formed  principally  of  the  fragments  of  Tnp  Rodi 
and  Transition  Rocks,  which  formerly  covered  the  midland  parts  of  EnglaiML-^ 
Rock-salt  and  Gypsum. — The  Gypsum  accompanying  Rock-salt  onginally  anhy^ 
drous. — Rock-salt  formations  in  various  parts  of  the  world. — On  the  inTariaUe  Ift- 
sociation  of  Gypsum  with  Rock-salt. 

The  upper  secondary  rocks  in  the  present  arrangement,  com- 
prise all  the  different  formations  above  the  great  regular  coal  for- 
mation, and  terminate  with  chalk,  which  is  the  uppermost  forma- 
tion of  this  class.     The  general  mineral  characters  of  the  upper 
secondary  strata  may  be  briefly  described ;  they  are  principally  cal- 
careous, though  siliceous  sandstone,  and  thick  beds  of  sand  and 
clay  form  parts  of  the  scries.   The  calcareous  strata  have  an  earthy 
appearance,  but  some  traces  of  a  crystalline  structure  are  occa- 
sionally to  be  observed.     No  beds  of  good  mineral  coal  are  found 
in  the  upper  secondary  strata  in  England,  and  instances  are  rare 
of  their  occurrence  in  similar  formations  on  the  Continent     Nei- 
ther metallic  veins  nor  beds  deserving  notice,  except  of  iron  ores, 
occur  in  this  class  of  rocks,  nor  do  they  aflford  any  of  the  rare 
species  of  crystallized  minerals.     Rock-salt  and  gypsum  are  the 
most  valuable  minerals  found  in  the  upper  secondary  strata,  and 
it  is  from  them  that  all  the  important  salt-springs  issue.     Some  of 
the  rocks  in  this  class  yield  useful  materials  for  architecture,  bat 
the  stone  is  too  generally  soft  and  perishable.     To  the  rocks  of  this 
class,  Werner  gave  the  name  of  floetz  or  flat  rocks,  because  in 
the  northern  parts  of  Europe  they  are  generally  arranged  nearly 
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inliorisontal  strata ;  but  this  character  ia  altogether  inapplicable 
to  the  upper  secondary  strata  in  the  outer  ranges  of  the  Alps, 
and  in  the  Jon  chain,  where  they  may  be  observed  bent  in  every 
possible  direction,  and  sometimes  nearly  vertical. 

It  has  been  stated  in  the  preceding  chapters,  that  the  coal  stra- 
ta, which  ara  interposed  between  the  transition  rocks  and  the 
upper  secondary  strata,  contain  almost  exclusively  the  organic  re- 
mains of  vegetables  %  while  the  fossils  in  the  lower  or  transition 
cfa»,  belong  almost  exclusively  to  marine  animals.  Another 
great  change  appears  to  have  taken  place  in  the  condition  of  our 
phnet  after  the  deposition  of  the  coal  strata,  for  the  upper  secon- 
dny  strata  contain  principally  the-  remains  of  marine  animals. 
It  is  in  the  strata  bek>oging  to  this  class,  that  the  remains  of  vcr- 
tebratod  animak  are  first  distinctly  observed.  Among  these  we 
"find  the  bones  of  the  mighty  monsters  of  an  ancient  creation, — 
monsters  whose  extraordinary  forms  are  still  more  astonishing 
than  their  immense  magnitude.  Some  of  these  animals,  of  the 
sanrian  or  Kiard  order,  attained  the  length  of  forty  feet  or  more, 
and  appear,  from  the  structure  of  the  teeth  and  the  organs  of 
motion,  to  have  united  to  the  voracity  of  the  crocodile,  the  pow- 
er of  darting  through  the  water  on  their  prey  with  inconceivable 
rapidity.  Otiiers,  whose  heads  and  bodies  preserved  the  form  of 
sanrian  animab,  had  necks  so  long,  that  when  extended  out  of 
the  water  they  must  have  resembled  immense  hydras.  These 
ftnimaU  had  paddles  in  the  place  of  feet,  to  accelerate  their  mo- 
tion throngh  water.  Again,  other  large  animals  of  this  order  had 
feet  like  those  of  the  crocodile,  and  were  probably  amphibious : 
indeed  the  occurrence  of  large  fossil  vegetable  stems  in  the  same 
strata,  proves  that  there  was  dry  land  in  the  vicinity. 

It  iinlher  appears,  from  the  recent  researches  of  Cuvier,  that 
some  of  the  lizard-shaped  animals  had  wings,  and  realized  the 
fabolous  creations  of  the  poet — they  were  flying  dragons.  The 
mnains  of  the  large  saurian  animals  are  more  frequent  in  the 
middle  part  of  the  series,  in  the  strata  of  this  class,  than  in  the 
upper  or  lower  part ;  indeed,  in  the  lowest  members  of  this  series 
they  have  not  yet  been  discovered.  It  is  truly  remarkable,  that 
throDghout  the  whole  series  of  the  upper  secondary  strata,  no 
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boDes  of  mammirerous  land  quadrupeds  have  yet  been  found, 
unless  the  strata  at  Stonesfieid,  present  a  solitary  exception. 

Lignite  or  wood-coal,  and  remains  of  vegetables,  occur  in 
some  of  the  formations  in  this  class,  and  also  river  fthells. 

In  England,  the  order  of  succession  of  the  upper  secondaij 
rocks  may  be  more  distinctly  ascertained  than  in  any  other  goub- 
try  that  has  yet  been  examined.  I  shall  therefore  describe  then 
as  they  occur  in  our  own  country,  with  references  to  foreign  V^ 
calities,  where  the  same  beds  or  formations  are  well  identified 
with  the  English  strata.  Geologists  on  the  Continent,  and  par- 
ticularly in  France,  had  till  very  recently,  no  accurate  knowledge 
respecting  several  of  these  formations ;  and  their  classificatioii 
of  them  are  vague  and  contradictory."*  More  attention,  howev- 
er, has  very  lately  been  directed  to  this  part  of  the  geology  of 
France ;  and  the  clear  accounts  which  have  been  published  faf 
M.  Beaumont  in  particular,  of  some  of  these  formations,  remove 
much  of  the  obscurity  which  prevailed  respecting  them,  and  prove 
in  a  satisfactory  manner  the  great  similarity  which  may  be  dbser* 
ved  in  the  similar  formations  of  England  and  France. 

Upper  Secondary  Class, 

1.  Magnesian  limestone. 

a  Compact  -         -         .         Zetchstein, 

b  Cellular  ...        Raucke  fVacke. 

c  Conglomerate. 

2.  Red  Marie  and  Sandstone.! 

a  Lower  with  CoDglomcrate  >  Gres   rouge    ancten,    or   RoUUoiU 
and  Porphyroidal  Beds.         \      liegende. 


*  M.  Humboldt  and^some  other  French  geologists  derignate  migneaian 
by  the  name  of  Cakaire  jilpi».     But  M.  Bonnard  applies  the  term  to  all 
dary  limestones,  and  even  to  our  upper  transition  or  mountain  limestone :  indesd 
his  arrangement  of  these  formations  presents  an  inextricable  tissue  of  coofuwMk   It 
is  greatly  to  be  regretted  that  the  Rev.  W.  D.  Conybcare,  after  admitthigtfiati 
tain  limestone  had  nine  characters  in  ten,  common  to  transition  limei(oiie« 
hare  been  induced  to  create  a  new  name  for  it,  and  that  too,  singularly  ii 
ate,  * Carboniferotu  limestone;*  for  wherever  this  limestone  appears,  dioieiiV 
good  coal  below  it.     By  classing  it,  as  it  should  be  placed,  with  transitioD  fin^ 
fltone,  numerous  mistakes  would  be  avoided. 

t  This  division  of  the  red  sandstone  and  also  of  the  lias,  is  fully  made  oat  \ff  ^• 
L.  E.  de  BeaumoDt,  as  will  be  stated  hereafter. 


Caleaires  oolitimes^  of  which  the 
Ftench  now  aamit  three  divisions. 
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h  Mlddto     ...        -        Grti  de$  Vo$ge$. 

*  G^r'**^  Rock  Salt  and  |  ^  ^^^ 

3.  Lias  Umestone  and  Lias  C]ay. 

t  Lias  aad  Liaa  Clay    -        -      Cakaitt  d  gryphUes. 

4.  Ooiile  with  auboniinate  Beds  of  Clay.* 

«  Lover  Oolite. 

Oxhrd  or  Clunch  Clay. 
h  Middle  Oolites. 

Oaktree  Clay, 
e  Upper  Oolites. 

ft.  Smnd,  Sandstone,  and  Clay. 

*  Iron  Sand       ...        Gre»  ferrugineux. 
h  Weald  Clay. 

Q-ftM*  fUnA       .  S  ^^*'  '^^^'^  ^"^^^   Glauconie   Crayeuse 

(      de  Brongniart. 

6.  Chalk. 

0  Chalk  Marie      -      -      -         Crate  tufau  de  Brongniart. 
k  Ixifrer  Chalk      ...         Crate  inferieure. 
e  Upper  Chalk      -      -      -         Craie  superieure. 

Magneshm  Limegione. — The  geological  position  of  this  rock 
is  immediately  over  the  great  coal  formation,  which  it  covers  nn- 
conformably,  and  under  the  red  marie  and  sandstone.  When 
the  magnesian  limestone  is  absent,  the  red  marlc  occupies  its 
place :  some  geologists  regard  the  magnesian  limestone  as  an 
accidental  formation  in  the  red  marlc.  Magnesian  limestone  is 
so  called,  because  some  of  the  beds  contain  a  large  portion  of 
magnesia,  combined  with  calcareous  earth.  The  occurrence  of 
magnesia  as  a  constituent  part  of  calcareous  rocks,  is  not  pecu- 
liar to  this  limestone ;  many  limestones  of  the  primitive  and  tran- 
sition classes  contain  magnesia  :  it  was  first  noticed  by  Dolomieu, 
and  snch  limestones  are  called  Dolomites.  Primitive  dolomite 
is  minutely  granular,  and  is  generally  so  pulverulent,  that  it  may 
he  reduced  to  powder  by  the  fingers.     Transition  dolomites,  and 

*  Many  geologiaU  class  the  ooliteB  with  the  Jura  limestone ;  but  this  classificatioa 
ktoo  iDdcfinite,  as  the  Jura  limestone  comprises  several  formation?. 
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the  doloiriites  in  the  upper  secondary  strata,  possess  no  well  nmtk" 
cd  external  characters,  by  which  the  presence  of  magnesia  mty 
be  ascertained  :  they  dissolve  more  slowly  in  acids  than  commoa 
limestone.     The  presence  of  magnesian  earth  in  the  proportion 
of  nearly  one  half  in  certain  limestones,  is  a  fact  that  strongly 
militates  against  the  theory  which  ascribes  the  formation  of  dl 
limestone  rocks  to  animal  secretion ;  unless  it  shall  be  found  ihst 
magnesian  earth  is  contained  in  the  shells  and  exuvis  of  marina 
animals.     I  believe  no  analyses  of  shells  or  coral  have  yet  been 
made,  in  order  to  ascertain  the  presence  of  magnesia  as  one  of 
their  constituent  elements.     Should  magnesia  be  found  in  the 
exuviae  of  certain  orders  of  marine  animals,  and  not  in  others,  it 
would  not  only  favour  the  opinion  that  lin>estone  was  of  animil 
origin,  but  might  also  explain  the  cause  of  the  alternation  of  bedi 
of  magnesian  limestone  with  beds  of  common  limestone  in  the 
same  mountain.     Or  should  shells  of  the  same  species  cootsiit 
magnesia,  and  others  only  calcareous  earth,  it  would  prove  tliat 
under  different  circumstances,  the  same  animal  might  (am  its 
shell  of  different  constituent  parts. 

The  magnesian  limestone  is  distinctly  stratified,  the  strata  nxj 
in  thickness  from  a  few  inches  to  several  feet ;  in  the  norlbcm 
counties  of  England  they  arc  nearly  horizontal,  they  border  the 
great  coal  formation  and  cover  it  on  the  eastern  side.  ThiB  fior* 
mation  of  limestone  extends  from  the  mouth  of  the  Tyne  to 
near  Nottingham.  The  colour  of  the  limestone  is  generally  a . 
yellowish  or  reddish  brown,  varying  in  intensity  from  a  fawn  €01* 
our  to  that  of  an  overburnt  brick.  Some  of  the  lowest  beds  aie 
bluish  and  slaty,  and  intermixed  with  raarle ;  but  these  beds  do 
not  rise  to  the  surface  in  Durham,  and  their  nature  is  little  kaowD. 
Some  beds  of  magnesian  limestone  have  a  granular  sandy  strao- 
ture,  others  are  imperfectly  crystalline ;  they  possess  a  consider- 
able  degree  of  hardness.  A  cellular  variety  of  this  lim^ooe 
occurs  near  Sunderland,  which  has  received  the  name  of  Honef* 
comb  limestone ;  it  agrees  in  most  of  its  characters  with  the 
rauche  wacke  of  Thuringia,  which  is  part  of  the  zetchstein  fof' 
mation. 
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Mflay- of  Ihe  bedt  of  this  limestone  yield  a  fcDtid  smell  when 
•track  wift  a  hammer.  The  quantity  of  magnesia  in  the  differ- 
cnt  beds  of  tUilimeatone  varies  from  30  to  45  per  cent,  and  some 
of  the  bads  Caotain  little  or  no  magnesia.  At  Sunderland,  the 
bads  af  magnraliin  limestone  are  more  developed  than  in  any 
aitharpait of  England  that  I  am  acquainted  with.  In  an  account 
I  paWiiad  of  the  Creology  of  Durham  in  the  Philosophical  Mag- 
ariaaftr  lBt5, 1  estimated  the  total  thickness  at  one  hundred  and 
Mf  javdiL  Below  the  surface,  this  limestone  has  been  bored 
■fo^  to  a  considerable  depth ;  the  limestone  was,  as  before  mcn- 
ihned,  of  a  Uaish  cdoor.  According  to  Mr.  Farcy,  *^  under  the 
fsloar  beds  of  magnesian  limestone,  there  are  several  beds  of 
eomiMct  bhie  limestone,  abounding  with  Anomia  (Terebratulce) 
tttd  other  idiells;  some  of  these  beds  differ  entirely  from  the  ycl- 
lo«r  and  ted  beds,  and  are  more  useful  for  agricultural  purposes, 
partiealailf  on  the  yellow  limestone  lands.*^'  The  lower  beds 
af  this  fonnadon  are,  I  believe,  more  fully  developed  in  many 
pntB  of  the  coatinent  than  in  this  country,  which  occasions  some 
nnoertainCy  in  efassing  them.  The  limestone  of  Thuringia,  it  is 
agreed  bf  the  most  respectable  geologists,  is  zetrhstein,  corres- 
ponding with  our  magnesian  limestone;  the  lower  part  is  a  slaty 
asarle,  sometimes  impregnated  with  bitumen,  and  sometimes  with 
sand.  This  bed  contains  impressions  of  fish,  like  the  lower 
beds  of  the  slaty  Sunderland  magnesian  limestone;  it  contains 
also  a  small  quantity  of  copper  pyrites,  and  the  ores  of  Irad, 
eobak,  linc,  bismuth,  and  arsenic,  and  is  in  some  places  worked 
bj  the  miners  for  its  mineral  treasures.  Above  this  bed  tliure 
oecun  a  blackish  gray  compact  limestone,  very  hard  and  tena- 
eioaSi  and  distinctly  stratified  ;  over  this  is  a  cellular  limestone; 
aod  above  this,  a  blackisi)  brown  limestone,  which  yields  a  foetid 
smell  arhen  struck  with  a  hammer,  and  is  in  some  places  more  than 
one  hundred  feet  in  thickness.  All  these  different  beds  Hum- 
boldt comprises  under  the  name  of  zetchstein,  and  agrees  with 
ether  geologists  in  referring  them  to  our  magnesian  limestone ;  the 


.*««» 


*  Survey  of  Derbyshire,  ptge  197. 
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lowest  bed  rests  on  the  red  sandstone,  and  sometimes  alternafes 
with  it ;  but  according  to  some  geologists,  the  connection  between 
the  two  formations  of  red  sandstone  and  zetchstein  is  such  that 
they  may  be  regarded  as  one  formation.  Several  of  the  charac- 
ters, particuhirly  the  zoological  ones,  appear  rather  more  appro- 
priate to  the  lias.  Some  beds  abound  ingryphitef>,  (theGryphes 
aculoata,)  and  the  remains  of  small  saurian  animals  are  fouiid  in 
them.  The  upper  beds  of  zetchstein  in  Switzerland  ahemate 
with  beds  of  gypsum,  which  is  intermixed  with  rock-salt ;  al 
least  they  arc  generally  described  as  zetchstein :  some  of  the 
beds  are  argillaceous  limestone,  t!ontaining  ammonites  and  bel- 
emnites,  and  appeared  to  me  to  have  a  greater  resemblance  te 
lias  than  to  magnesian  limestone. 

In  the  lower  part  of  the  magnesian  limestone  in  the  West  of 
England,  there  is  a  conglomerate  limestone,  which  contains  frag- 
ments of  transition  limestone,  varying  in  size  from  several  inches 
in  diameter,  to  very  minute  grains. 

The  fos:^iis  in  magnesian  limestone  arc  not  numerous,  at  least 
in  the  upper  beds.  Neither  gryphites,  belemnites,  nor  ammon- 
ites, which  occur  in  the  zetchstein  of  Germany  and  Switzerland, 
have  yet  been  discovered  in  this  formation  in  England. 

Ma:rnesian  limestone  furnishes  the  most  durable  building  stone 
that  is  any  where  found  in  the  upper  secondary  strata. 

I  do  not  agree  in  opinion  with  those  who  regard  the  magnesian 
limestone  districts  as  unfertile  ;  and  perhaps  no  parts  of  England, 
are  more  salubrious  than  those  which  have  a  subsoil  of  this  lime- 
stone. 

A  few  small  strings  of  lead  ore  have  been  found  in  the  magne- 
sian limestone  rocks  near  Sunderland.  The  limestone  rocks  ob 
the  coast  of  Durham  are  wearing  away  by  the  violence  of  the 
ocean ;  they  have  evidently  extended  much  further  to  the  east 
than  at  present. 

Red  Marie  and  Sandstone. — The  beds  of  this  formation  have 
generally  the  red  colour  which  the  name  implies,  but  are  ofiea 
marked  with  irregular  veins  and  spots,  of  a  yellowish  or  bluidi 
colour,  and  the  sandstone  is  sometimes  gray,  with  occasional 
spots  of  red. 
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ntion  ofdiflbrenl  strata  in  this  formation  is  cxtremc- 
"^  vuioas:  kisome  parts  we  find  an  argillaceous  marie  in  difler- 
eat  statos  of  iadiiratioD ;  in  other  parts  we  meet  with  regular 

sandstone ;  and  sometimes  we  have  a  conglom- 
or  a  soft  sandstone,  inclosing  rounded  pebbles  of 
qoailB  awl  Lydiaa  stone,  as  in  the  rock  on  which  Nottingham 
and  iha  OMtle  stand.  In  the  lower  part  of  this  formatum,  the 
beds  aro  porphyritic,  and  contriin  imperfect  crystals  of  felspar ; 
they  pass  into  amygdaloid  and  trap.  The  fine  sili- 
aandstones,  when  closely  examined,  arc  often  found  to  con- 
tmn  fiagments  of  the  neighbouring  rocks :  thus  the  sandstone  in 
the  vicinity  of  Charnwood  Forest  contains  fragments  of  slate  and 
ddorlte  slate;  and  the  conglomerate  beds  on  the  northern  side 
taff  thai  range  of  bills,  are  principally  composed  of  fragments  of 
gnindc  and  slate  rocks.  No  formation  presents  such  a  great 
Taiiety  of  waeral  characters  as  the  red  marie  and  sandstone, 
Sttd  geologists  have  frequently  been  greatly  perplexed  in  their 
attempts  to  aitange  and  class  the  beds  which  occur  in  this  form- 
alioii.  Id  England  it  has  frequently  been  confounded  with  the 
nd  saodstone  and  conglomerate  that  occur  under  the  upper 
traositioa  fimestone,  called  by  English  geologists  the  old  red 
flaodstone.  But  the  old  red  sandstone  of  foreign  geologists,  or 
roik4odie  Uegemie^  the  gres  ancien  of  D^Aubuisson,  covers  the 
coal  fennation,  and  therefore  corresponds  with  the  lowest  beds 
of  the  English  red  marie  and  sandstone. 

Where  the  red  marie  formation  is  fully  developed,  it  may  be 
arranged  under  three  divisions :  the  lower,  which  corresponds 
with  the  rolA-^ocbe  liegende^  consisting  of  fragments  of  different 
rocks  eemented  by  sand  or  marie,  and  of  beds  of  imperfect  por- 
phyry; the  middle  beds,  consisting  chiefly  of  sandstone,  called 
by  the  French  gres  rouge  and  gres  de  Vosges  ;  and  the  upper, 
consisting  of  marie  and  variegated  sandstone,  in  which  beds  of 
rock-salt  and  gypsum  occur ;  this  corresponds  with  the  gres  6t- 
garre  of  the  French.  In  England  the  three  divisions  of  this 
famation  rarely  if  ever  occur  together  accompanied  with  magne- 
limestone ;  but  it  should  appear  from  the  situation  of  these 
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diflercnt  beds  on  the  Continent,  that  the  place  of  the  magneMD 
limestone  is  between  the  lower  and  the  middle  division :  the  mag* 
nesian  limestone  or  zetchstein  rests  on  the  conglomerate  beds  of 
red  sandstone.  In  the  third  Number  of  the  Annales  des  Mmei, 
1827,  there  is  a  very  full  account  of  the  different  arenaceoui 
strata  that  separate  the  coal  strata  from  lias  limestone,  along  ths 
feet  of  the  Vosgcs  mountains  on  the  eastern  side  of  France,  faf 
M.  L.  Elie  de  Beaumont. 

This  account  throws  considerable  light  on  a  part  of  geologj, 
hitherto  obscured  by  the  conflicting  opinions  of  former  observen^ 
and  assimilates  the  red  sandstone  of  France  and  Germany*  with 
the  different  divisions  of  the  same  formation  in  England.    The 
Vosges  mountains  are  composed  of  granite  and  transition  roetai 
and  ut  their  feet  there  arc  several  coal-fields :  the  coal  strata,  and 
also  the  lower  declivities  of  the  granite,  are  in  part  covered  as- 
conformably  by  nearly  horizontal   strata  of  red  sandstone,  and 
this  is  covered  by  lias  limestone.     We  have  here,  on  a  hrget 
scale,  an  exact  correspondence  with  the  geology  of  the  Cham- 
wood  Forest  district,  where  the  granite  and  slate  rocks  are  bor 
dcn;(l  l»y  coal  strata,  and  are  both  partly  covered  by  horisontil 
strata  of  red  marie  and  sandstone,  and  this  again  is  covered  bf 
lias  limestone.     The  red  sandstone  of  the  Vosges  is  howsver 
more  developed ;  the  lowest  part  consists  of  conglomerate  tad 
porphyroidal  beds:  these  cover  the  coal  strata;  they  agree  in 
their  tninoral  characters  precisely  with  the  conglomerates  io  tbt 
English  red  sandstone,  particularly  those  of  Devonshire,  and  an 
described  by  M.  Beaumont  as  being  the  true  roth-todie  liegtwii* 
Above  this  occurs  a  considerable  thickness  of  strata  of  red  sand- 
stone,  which  passes  by  gradation  into  the  conglomerate ;  tbii  ii 
the  proper  grcs  rovgv :  it  is  designated  by  M.  Beaumont  gr^ 
des  Vosges ;  it  approaches  in  its  character  nearer  to  the  grti 
bigarre  than  to  the  lower  beds.     The  variegated  sandstone,  tf 
gres  higarri\  covers  the  gres  des  Vosges ;  but  there  appears  to 
have  been  a  considerable  degradation  of  the  surface  of  the  fret 
des  Vosgps^  and  also  a  disturbance  of  the  beds  by  subsidence  or 
faults,  before  it  was  covered  by  the  gres  bigarrc  or  vari^atad 
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tbey  are  evidently  members  of  the  same 
fenaalMM.  •  The  greg  higarri  is  ci>vered  by  an  extensive  forma* 
tioa  4if  .Im  faMStone  in  horizontal  strata.    In  the  sandstone  of 
the  VoagBiv  vehave  all  the  different  divisions  of  tiie  English  red 
Maria  and  aadsloiie  brought  together ;  and  from  hence  it  would 
appaar*  thai  the  greg  anden^  the  roth-todte  liegende^  and  the 
^    gw0t  bigmniii  which  it  has  been  hitherto  difficult  to  assimilate 
Mhlfta  EagKah  red  marie  and  sandstone,  are  only  the  lower 
aad-appar  parts  of  one  formation,  though  they  are  sometimes 
■iparateJ  by  intervening  beds  of  limestone. 
.-rAhe  beds  tvf  red  roarle  and  sandstone  of  this  formation,  occu- 
|f:B>considerable  part  of  the  midland  counties  in  England,  ex< 
iHMiiagfroni  the  eastern  side  of  Yorkshire  into  Devonshire,  and 
on  the  wart,  with  some  interruption,  from  Cumberland  to  Glou- 


The  bads  m  strata  never  attain  any  considerable  elevation ; 
they  cover  or  inclose^  rocks  of  other  formations :  in  Leicester- 
sUte  and  Warwiekshire  they  surround  rocks  of  sicnile,  granite, 
poiphyrf  slate,  greenstone,  and  quartz.  The  granite  and  green- 
atone  of  the  Mahrem  Hills  are  covered  on  the  southern  side  by 
thesaoM  red  marie  aud  sandstone.  In  Devonshire,  several  rocks 
ef  giesnitont  and  amygdaloid  trap  are  also  surrounded  by  it ; 
and  at  Boovray  in  Frence,  on  the  road  to  Dijon,  I  observed  a  low 
laage  of  nenitic  and  granitic  rocks,  rising  from  a  similar  red 
which  like  the  English  red  marie,  was  covered  by  blue  lias 
grjidiites.  It  was  formerly  maintained  by  Mr.  Farcy,  that 
the  wmmtic  and  granite  rocks  of  Charnwood  Forest  and  Malvern, 
were  nwrely  anomalous  masses  in  the  red  marie ;  and  though 
this  opoiion  was  deemed  extravagant,  and  afterwards  abandoned 
faj  Mr.  Farey  himself,  I  am  inclined  to  believe,  that  there  is  a 
greater  connection  between  these  different  formations,  than  has 
hitherto  been  admitted. 

The  red  marie  and  sandstone  of  England  appear  to  me  to  have 
been  principally  formed  by  the  disintegration  of  rocks  of  trap, 
greenstone,  sienite,  and  granular  quartz ;  the  iron  in  the  decom- 
posing trap  rocks  has  probably  given  to  this  formation  its  red  col- 
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our ;  I  conceive  that  the  argillaceous  inarles  have  also  been  prin- 
ci pally  foruied  from  the  trap  rocks,  and  the  sihceous  sandstones 
from  the  granular  quartz  rock.  That  rocks  of  sienite,  trap,  and 
quartz,  were  onr.o  extensively  spread  over  the  districts  nowcorer- 
cd  with  red  marie,  might  1  think  be  sufficiently  established,  fay 
tracing  tiicm  through  tiie  red  marie  districts,  where  they  just  peep 
above  the  surface,  or  they  might  be  ascertained  by  sinking.  The 
sienitic  rocks  of  Ciuirnwood  Forest  may  be  distinctly  traced  into 
Warwickshire ;  from  thence  to  the  Malvern  Hills  the  connectioB 
may  be  followcil ;  and  from  the  Malvern  Hills  to  the  trap  rocki 
in  (ilouccstershire,  Somersetshire,  and  Devonshire ;  but  every 
where  accompanied  by  the  red  marie,  or  near  to  it.  The  qoaili 
rock  at  the  Lickey  near  Bromsgrove  is  not,  as  has  hitherto  been 
believed,  the  only  rock  of  the  kind  in  the  midland  counties;  it 
mav  be  found  near  Athcrstone  in  Warwickshire,  and  is  doubtles 
associated  with  the  greenstone  rocks  in  that  neighbourhood,  ai 
members  of  the  Charnwood  Forest  range  of  hills.* 

I  was  informed  by  T.  Johnstone,  Esq,  of  Exeter,  that  he  had 
frequently  examined  the  red  ground  in  the  vicinity  of  the  differ- 
«Mit  trap  rocks  in  Devonshire,  and  that  he  invariably  found  it  com- 
posed of  fragments  of  these  rocks,  increasing  in  size  as  he  ap* 
pioticlicd  nearer  to  them.     The  sand  rock  on  which  Nottingham 
and  Noitmgham  Castle  are  built,  has  evidently  been  formed  of 
the  ruins  of  more  ancient  rocks  in  its  vicinity;  and  the  rounded 
pebbles  of  white  quartz  and  of  Lydian  stone,  would  indicate 
that  they  might  have  come  from  rocks  formerly  connected  with 
the  ('harnwood  Forest  range.     Still  nearer  the  present  hills,  the 
iiiiest  sandstone  contains  fragments  of  slate,  and  the  lower  coo- 
glomerate  is  almost  entirely  composed  of  the  fragments  of  thoie 
hills,  as  before  observed.     In  the  Vosges,  the  red  sandstone  eveij 


*  In  the  village  of  Hartshill  near  Atheratonc,  when  the  audior  wti  at  sehool  tbHVt 
(he  quartz  rock  was  employed  in  mendini;  tlic  roads;  it  is  granular  without  ceitei^ 
and  hreaki^  into  sharp  v^f^i^d  fragments  ;  it  has  a  li^rht  reddish  colour.  Whenahio^ 
ful  of  the  fragrotintH  is  taken  from  the  roads,  and  thrown  upon  the  ground  forcibly 
in  the  dark,  they  produce  numerous  s'.'iritil1.itions  like  stars, — an  experiment  wht^ 
hu  often  excited  the  iurprise  of  die  author  und  his  schoolmates. 
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wk&iB  moBomfiuum  the  granitic  and  transition  rocks,  of  which 
k  ako  eoBlHM  fragments.  It  must  be  recollected  that  the  rocks 
which  won  the  most  disposed  to  decompose  or  disintegrate, 
iroaU  be  the  soonest  worn  down.  We  have  no  rocks  of  soft 
granite  or  sieaile  in  En^nd,  like  those  of  Auvergne  or  of  the 
Foraa  womtfains  in  France,  and  the  reason  why  we  have  not,  may 
be,  ibat  fiom  their  small  magnitude  they  were  probably  carried 
rnmrnj  hythoae  mighty  inundations,  that  have  swept  over  our  pres- 
ent bhads  and  continents.  The  Malvern  Hills,  the  Lickey,  the 
Cbmwiiml  Forest  Hills,  and  the  trap  rocks  in  Gloucestershire, 
flamenetohire,  and  Devonshire,  are  the  remaining  nuclei  of  much 
higer  ranges,  as  the  scattered  fragments  in  the  adjacent,  as  well 
■i  in  Aitant  districts  attest  If  the  red  marie  and  sandstone  in 
Kwijlaiid,  and  in  other  countries,  were  formed  of  decomposing 
voeka  of  tfam  granular  quartz,  porphyry,  sienite  and  granite,  the 
fireqnent  ooconence  of  porphyroidal  beds  in  this  formation  may 
wlmie  of  a  probable  explanation. 
•  It  ia  hot  intended  to  maintain  that  every  bed  or  stratum  in 

m 

tUs  eilensive  fbraiation  is  composed  principally  of  the  fragments 
of  transition  and  trap  rocks ;  but  it  may  safely  be  uifirmcd,  that 
there  ate  few  strata,  in  which  some  of  these  fragments  may  not 
bediKovered. 

The  red  marie  produces  some  of  the  most  fertile  soils  in  Eng- 
Ind,  which  may  be  partly  owing  to  its  formation  from  soft  trap 
roda.  Some  basaltic  rocks  decompose  rapidly,  and  arc  known 
to  fbraa  soil  favourable  to  vegetation  ;  several  basaltic  rocks  in 
Staffimlshire  decompose  into  a  reddish  brown  clay,  moderately 


The  most  valuable  mineral  substances  found  in  the  red  marie 
are  gjpiom  and  rock-salt.  The  gypsum  is  both  fibrous  and  mas- 
ore  ;  the  fibrous  gypsum  forms  numerous  alternating  seams  in 
diflb  of  red  marie ;  the  seams  vary  in  thickness  from  one  to  three 
inehes,  and  might  be  mistaken  for  strata,  but  they  are  irregular 
and  of  limited  extent.  In  Nottinghamshire,  the  fibrous  gypsum 
on  the  banks  of  the  Trent  is  often  beautifully  white  and  tran*<(u- 
eent,  and  is  accompanied  with  scales  of  chlorite,  exactly  similar 
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to  what  I  have  observed  in  the  beds  of  gypsum  in  the  VakiB  in 
Switzerland.  The  white  fibrous  gypsum  is  employed  by  tbe  pa- 
per-makers to  whiten  writing-paper. 

Massive  g}'psum  is  granular  ;  it  occurs  in  irregular  beds  aad 
blocks  in  the  red  marie,  and  is  evidently  a  local  forniHtion.  An- 
hydrous gypsum  is  occasionally  met  with  in  NottinghamsbiiaL 
Gypsum  is  associated  with  rock-salt  wherever  the  latter  minenl 
is  found.  In  the  Alps  it  is  now  discovered,  that  the  gypsum  wha 
uncovered  in  its  native  beds  is  always  anhydrous.  Common  gff* 
sum  contains  twenty-one  per  cent  of  water.  Anhydrous  gypMUB 
is  entirely  free  from  water,  and  is  much  harder  and  heavier  tliaa 
common  gypsum.  Should  it  prove  a  general  fact,  that  the  fijjh 
sum  associated  with  rock-salt  is  always  originally  anhydriMis,  il 
might  tend  to  elucidate  the  formation  of  both  minerals;  a  sak 
ject  which  will  be  referred  to,  after  describing  some  of  the  pria* 
cipal  repositories  of  rock-salt. 

Many  repositories  of  rock-salt  are  situated  near  the  feet  of 
mountain  ranges,  and  have  probably  been  originally  deposited  in 
salt-water  lakes :  beds  of  rock-salt  are  now  found  at  the  bottoa 
of  some  of  the  salt  lakes  in  Africa.  But  though  many  salt  fera- 
ations  are  in  comparatively  low  situations,  there  are  others  that 
occur  at  great  altitudes,  both  in  the  Alps  and  the  Cordillera& 
In  England,  the  principal  beds  of  rock-salt  are  situated  at  a  fittk 
distance  from  the  western  side  of  the  range  of  hills,  which  sepa- 
rates the  rivers  that  flow  into  the  eastern  and  the  western  seaii 

The  rock-salt  of  Cheshire  cannot  properly  be  said  to  lie  in  ff 
under  the  red  sand  rock  before  described,  but  is  surrounded  byitf 
and  probably  rests  upon  it ;  but  as  the  lowest  bed  of  salt  has  Dd 
been  sunk  through,  this  cannot  be  yet  ascertained.  The  upper 
bed  of  rock-salt  in  that  county  is  about  forty-two  yards  beloa 
the  surface :  it  is  twenty-six  yards  thick,  and  is  separated  froB 
the  lower  bed  of  salt,  by  a  stratum  of  argillaceous  stone  tea 
yards  thick.  The  lower  salt  has  been  penetrated  forty  yarda 
The  upper  bed  was  discovered  about  a  hundred  and  forty  yeiii 
since,  in  searching  f«>r  coal.  Rock-salt  at  Northwich  extends  !■ 
a  direction  from  N.E.  to  S.W.  one  mile  and  a  half;  its  fiirthtf 
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extent  in  this  direction  has  not  been  ascertained  :  its  breadth  is 
about  fourteen  hundred  yards.  In  another  part  of  Cheshire  three 
beds  of  rock-salt  have  been  found.  The  uppermost  is  four  feet 
thick,  the  second  twelve,  and  the  lower  has  been  penetrated 
twcnty-fiTe  yards,  but  is  not  cut  through.  Besides  tlic  beds  of 
rock-salt,  numerous  brine  springs,  containing;  more  than  twenty- 
live  per  cent  of  salt,  rise  in  that  country.  The  transparent  spe- 
cimens of  rock-salt  are  nearly  free  from  foreign  impurities,  and 
contain  scarcelv  unv  water  of  crvstallizaiion. 

In  sea-water  a  large  portion  of  muriate  and  sulphate  of  mng- 
oesia  is  found,  which  gives  it  that  bitter  nauseous  taste,  distinct 
irom  its  aaltness.  This  difTerence  in  the  composition  of  sea-wnter 
and  of  rock-salt,  might  seem  to  indicate  that  rock-salt  was  not, 
as  some  suppose,  produced  by  the  cva[)oratioii  of  sea-water ;  but 
if  it  were  formed  in  detached  lakes,  it  is  possible  that  the  waters 
of  these  lakes,  did  not  contain  precisely  the  same  salts  in  solu- 
tion, as  those  of  the  sea.  We  know  that  the  waters  of  some  of 
the  salt  lakes  existing  at  present,  differ  in  their  contents  from  sea- 
water.  If,  however,  the  evaporation  were  very  slow,  the  salt  of 
the  ocean  would  separate  from  all  its  impurities  by  crystalliza- 
tion ;  these  impurities  being  more  deliquescent,  might  be  washed 

awav. 

It  may  deserve  notice,  that  few,  if  any,  remains  of  marine  or 
other  organized  bodies  are  found  in  the  beds  accompanying  the 
rock-salt  of  Cheshire.  In  the  Polish  salt-mines,  bivalve  shells  and 
the  claws  of  crabs  are  m(»t  with  in  the  upper  strata  of  marie : 
and  vegetable  impressions  in  the  bed  covering  the  lower  salt,  at 
the  depth  of  two  hundred  and  twenty-five  yards  from  the  surface. 

The  salt  formation  at  Droitwich  in  Worcestershire  appears  to 
be  surrounded  by  the  same  kind  of  rock,  and  covered  with  simi- 
lar beds  of  gypsum  and  marie,  to  that  of  Cheshire.  Here  the 
rock-salt,  though  its  existence  has  been  proved  by  boring,  is  no 
where  worked.  The  salt  is  procured  by  evaporating  the  water, 
which  is  nearly  saturated  with  it. 

Salt  springs  rise  in  some  of  the  coal  strata  adjacent  to  the  red 
marlc   and  sandstone :  in  all  probability  the  brine  is  intiltered 
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from  that  formation,  into  the  basset  edges  of  the  strata  overlying^ 
coal.  There  are  salt  springs  in  some  of  the  coal-mines  in  No^ 
thumberland  ;  and  a  spring  of  brine  rises  in  the  river  Wear,  io 
the  county  of  Durham. 

Brine  springs,  containing  from  five  to  six  per  cent  of  salt,  rise 
in  the  coal-mines  near  Asthby-de-la-Zouch  in  Leicestershire,  at 
the  depth  of  two  hundred  and  twenty-five  yards  under  the  siu^ 
face.  A  weaker  brine  also  rises  in  the  upper  strata  :  it  sprii^ 
through  fissures  in  the  coal,  attended  with  a  hissing  noise  occi- 
sioned  by  the  emission  of  hydrogen  gas. 

I  examined  these  mines  belonging  to  the  Earl  of  Moira  in  tie 
summer  of  1812 :  they  arc  situated  at  Ashby  Wolds,  in  the  veiy 
centre  of  England  ;*  and  what  may  appear  remarkable  in  this 
situation,  they  are  worked  one  hundred  and  forty  yards  below  the 
level  of  the  sea,  which  is  ascertained  from  the  levels  of  the  cant 
that  passes  by  the  pits.  Had  this  circumstance  been  knowD  be- 
fore the  attention  of  geologists  was  directed  to  the  structure  of 
the  earth^s  surface,  it  would  have  been  inferred,  that  brine  springi 
so  far  below  the  level  of  the  sea,  had  their  source  from  the  wa- 
ters of  the  ocean,  percolating  through  fissures  in  the  earth. 

There  are  many  salt  springs  in  France,  but  no  mines  of  rock- 
salt.  The  salt  springs  at  Salins  in  the  department  of  the  Jm, 
rise  in  the  red  marie  formation ;  and  the  gypsum  with  which  tbej 
are  associated  is  exactly  similar  to  the  massive  gypsum  in  the 
English  red  marie.  The  strongest  of  these  springs  contains  fif- 
teen per  cent  of  salt. 

In  Switzerland  the  rock-salt  and  gypsum  do  not  occur  in  the 
red  marie,  but  between  calcareous  beds,  which  are,  I  bdieie, 
analogous  to  the  English  lias,  and  will  be  again  mentioned. 

In  Spain  there  are  several  salt  springs  and  beds  of  rock-eelt: 
the  principal  formation  of  rock-salt  at  Cardona  in  Catalonia  fan 
been  described  by  Count  Alexander  Laborde,  in  bis  magnificent 
work  entitled  Voyages  Pittoresques  dans  VEspagne. 


*Btais  and  hoCttlfl  are  DOW  erected  there  for  the  acconunodtffciii  of  TMten;  f^ 
arecaUed  Uie  Moira  Baths,  near  Ashby-de-la-Zonch. 
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of  Cardona  comprehends  the  hill  on  which 
^riie  tofPB  iaMmfed,  and  the  envirolu  of  more  than  a  league  in 
dnaiBiftwooe.  The  tarfiioe  is  almost  every  where  covered  with 
tegetaUe  wii  Id  the  depth  of  six  inches  or  more,  which  renders 
it  prododina.  The  place  where  the  rock-salt  is  procured  is  a 
vmllef  kwmmg  an  oval,  about  one  mile  and  a  half  in  length,  and 
Uf  a  fluh  in  breadth  firom  east  to  west,  extending  from  the  Cas- 
de  1^  CaidoBa  to  the  promontory  of  red  salt  at  the  other  end. 
no  laaC  ia  the  -most  considerable  of  the  salt  rocks,  and  has  not 
yiel  been  worked ;  it  is  six  Jiandred  and  sixty-three  feet  in  height, 
and  twelve  hundred  and  twenty  feet  in  breadth  at  its  base.  This 
laHey  ia  alao  traversed  by  a  chain  of  hills  of  rock-salt :  besides 
theio  are  other  rocks  of  salt  at  the  feet  of  the  fortress, 
the  declivity  of  the  mountain  which  stretches  to  the 
Cancanillo.  The  mountain  of  red  salt  is  so  call- 
ed^ beeauBD  Aat  colour  predominates ;  but  the  colours  vary  with 
the  ahitsda  of  the  sun,  and  the  greater  or  less  quantity  of  rain. 
At  the  fiiol  of  this  mountain  a  spring  of  water  issues,  which 
eonsea  thieegh  a  issure  we  perceive  on  the  summit  The  rivulet 
rons  aU  tikmg  the  valley  firom  the  east,  but  passes  under  ground 
in  pert  of  its  eonrse,  particularly  under  the  hill  where  the  rock> 
salt  ii  mined ;  it  rises  again  to  the  surface  at  a  little  distance,  and, 

along  the  plain,  discharges  itself  into  the  river  Car- 
Thii  brook  in  rainy  seasons  swells  the  waters  of  the  riv- 
m^  vAich  then  become  salt,  and  destroy  the  fish  ;  but  at  three 
langnei  lower,  the  water  has  no  perceptible  taste  of  salt  All 
these  aab-SDOontains  are  intersected  by  crevices  and  chasms ;  and 
have  also  apacioos  grottoes,  where  are  found  stalactites  of  salt, 
dialed  like  bunches  of  grapes,  and  of  various  colours. ^^  ^^  Noth- 
ing eea  eompare  with  the  magnificence  of  the  spectacle  which 
the  asoantain  of  Cardona  exhibits  at  sunrise.  Besides  the  beau- 
liU  fimsa  which  it  presents,  it  appears  to  rise  above  the  river 
flee  a'  mountain  of  precious  gems,  displaying  the  various  colours 
produced  by  the  refraction  of  the  solar  rays  through  a  prism.^^ 

Hungary  and  Poland  afford  the  most  numerous  and  extensive 
vqiodtories  of  rock-salt  in  Europe.    The  salt-mines  of  Welielska 
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near  Cracovia  have  been  long  celebrated  and  frequently  denri- 
bed ;  they  arc  worked  at  the  depith  of  seven  hundred  and  fifkj 
feet.  The  rock-salt  is  covered  by  alternate  beds  of  marlc  and 
conglomerate ;  blocks  of  salt  occur  also  in  the  marie.  The  beds 
of  rock-salt  are  inclined  at  an  angle  of  forty  degrees.  It  is  r^ 
markable,  that  in  these  mines  of  rock-salt,  there  are  springs  of 
fresh  as  well  as  of  salt  water.  At  Paraid  in  Transylvania,  theie 
is  a  valley  the  bottom  and  sides  of  which  are  pure  rock-salt  The 
mine  of  Eperies  is  about  nine  hundred  and  ninety  feet  deep. 
Water  is  sometimes  inclosed  in  the  blocks  of  rock-salt." — Bnmg- 
ntorf,  iMineralogie. 

There  is  an  extensive  formation  of  rock-salt,  stretching  on 
each  side  of  the  Carpathian  Mountains  for  six  hundred  roilei, 
from  Welielska  in  Poland  towards  the  north,  to  Rimnie  in  Mol- 
davia on  the  south.  It  has  indeed  been  observed  that  rock-sak 
and  brine-springs  most  generally  occur  near  the  feet  of  exteih 
sivc  mountain  ranges,  which  adds  probability  to  the  opinioD,  that 
these  ranges  were  once  the  boundaries  of  extensive  salt  lakes. 

In  the  lofty  deserts  of  Caramania  in  Asia,  according  to  Char- 
din,  rock-salt  is  so  abundant,  and  the- atmosphere  so  dry,  that  the 
inhabitants  use  it  as  stone,  for  building  their  houses.  This  mio* 
oral  is  also  found  on  the  whole  elevated  table-land  of  Great  Tar- 
tary,  Thibet,  and  Indostan.  Extensive  plains  in  Persia  are  co^ 
ered  with  a  saline  efflorescence ;  and  according  to  the  account  of 
travellers,  the  island  of  Ormus,  in  the  Persian  Gulf,  is  one  laige 
mass  of  rock-salt. 

In  the  elevated  mountains  of  Peru,  rock-salt  is  said  to  occuril 
the  height  of  nine  thousand  feet  above  the  level  of  the  isea.  Id 
North  America  there  are  various  salt-springs  called  Licks,  be- 
cause the  herds  of  wild  cattle  formerly  repaired  to  them,  to  \A 
the  soil  impregnated  with  salt.  Near  to  these  places  the  immeoK 
bones  of  the  great  Mastodon  are  frequently  found  at  a  sDiO 
depth  below  the  surface.  According  to  the  account  of  Horoe- 
mann,  there  is  a  mass  of  rock-salt  spread  over  the  monntaios 
that  bound  the  desert  of  Libya  to  the  north,  so  vast  that  no  eye 
can  reach  its  termination  in  one  direction ;  and  its  breadth  N 
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computed  to  be  several  miles.    Rock-salt  lias  also  been  found  in 
New  South  Wales. 

It  would  exceed  the  limits  intended  for  the  present  volume,  to 
enumerate  the  different  places  in  which  this  valuable  mineral  oc- 
curs. I  only  propose  to  note  the  more  remarkable  situations  pre- 
senting phenomena  that  may  tend  to  illustrate  the  mode  of  its 
fimnation.  Among  these  should  not  be  omitted  the  salt  lakes  on 
the  borders  of  Caffraria,  east  of  the  Cape  of  Good  Hope,  which 
contain  at  their  bottom,  thick  beds  of  rock-salt  variously  coloured, 

There  is  a  remarkable  formation  of  salt  at  Posa  near  Burgos, 
in  Castille,  placed  in  an  immense  crater  of  an  extinct  volcano, 
in  which  are  (bnod  pumice-stone  and  puzzolana.  The  volcanic 
mountain  of  Cologeronear  Sciacca,  in  Sicily,  contains  in  its  beds 
a  considerable  intermixture  of  common  salt,  and  masses  of  rock- 
salt  occur  in  other  parts  of  the  island,  imbedded  in  clay. "^^  In 
these  and  in  some  other  instances,  it  is  probable  that  subterrane- 
an fire  may  have  been  an  active  agent  in  the  formation  of  rock- 
salt,  by  evaporating  the  waters  of  salt  lakes,  or  of  countries  re- 
cently emerged  from  the  ocean. 

The  rapid  formation  of  rock-salt  in  Syria,  during  one  of  those 
^oeous  eruptions  which  have  at  times  overwhelmed  certain  por- 
tions of  the  globe,  is,  perhaps,  obscurely  alluded  to  by  the  sacred 
writer  who  has  narrated  the  early  history  of  the  human  race. 
Gen.  chap,  xix.t  The  salt  lakes  existing  in  that  country  are 
well  known. 

Whether  all  the  repositories  of  rock-salt  above  enumerated 
occur  in  the  red  marie,  cannot  in  the  present  state  of  our  infor- 
mation be  accurately  ascertained.  The  great  formation  of  rock- 
salt  and  gypsum  near  Bex  in  Switzerland,  constitutes  two  large 
and  ext^isive  beds.  The  lowest  rests  upon  black  limestone,  ar- 
gillaoeoos  limestone,  and  sandstone ;  and  between  the  lower  gyp- 


'  TraveU  in  Sidly,  by  Lieut.  Gen.  Cockburn. 

t  Jerome,  who  resided  in  Syiia  in  tlie  fourth  century,  informs  us,  that  the  rock  of 
ak  WM  esristing  in  bis  time ;  and  fancifully  relates  certain  peculiarities  respecting  it, 
■Ueh  aqaal  in  absurdity  the  legends  of  the  darkest  ages  of  papal  superstition. 
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sum  and  the  upper,  there  are  thick  beds  of  argillaceous  limestone, 
aod  similar  argillaceous  limestone  forms  caps  over  the  upper 
gypsum.  The  gypsum  in  the  large  bods  is  anhydrous,  and  coo- 
tains  particles  of  rock-salt  and  common  gypsum  disseminated 
through  it  The  prevailing  fossils  are  ammonites  and  belemniteSi 
— (Travels  in  the  Tarcntaise,  p.  4 1 5.) 

The  mineral  characters  of  the  strata  at  Bex,  and  the  imbedded 
fossils,  incline  me  rather  to  refer  the  argillaceous  limestone,  over 
and  under  the  gy|>8um  and  salt  beds,  to  the  English  lias,  than  to 
magnesian  limestone. 

The  saliferous  gypsum  in  the  Tarentaise  is  also  anhydrous,  and 
contains  a  considerable  quantity  of  silex ;  it  occurs  interstratified 
with  limestone,  which  bears  a  nearer  resemblance  to  the  magne- 
sian  limestone,  than  to  lias.    The  tops  of  some  of  the  mountaim 
are  covered  with  beds  of  common  gypsum,  intermixed  with  na- 
tive sulphur.     In  one  of  the  rocks  associated  with  the  gypsooi 
formation,  I  discovered  a  fossil  Patella.    Though  a  branch  of 
the  Ecolc  des  Mines^  with  able  instructors  from  Paris,  had  been 
for  some  years  established  at  Moutiers,  close  to  the  salt  forma- 
tions, a  very  erroneous  opinion  respecting  the  gypsum  of  the 
Tarentaise  was  maintained  by  the  professors ;  namely,  that  the 
gypsum  merely  formed  an  unconformable  covering  over  the  adja- 
cent mountains.    I  observed  it  in  several  parts  of  the  valley  of 
the  Doron  near  Moutiers,  as  distinctly  interstratified  in  the  cat 
careous  mountains,  as  the  gypsum  of  Montmartre  is  interstratified 
between  the  tertiary  formations  near  Paris.     In  one  of  the  beds 
of  gypsum,  there  was  a  thin  stratum  of  carbonaceous  matter, 
which  soiled  the  fingers  like  coal  smut ;  this  is  the  only  instance  of 
carbonaceous  matter  found  in  gypsum,  that  I  am  acquainted  with. 

Transparent  colourless  rock-salt  consists  of  muriate  of  lodii 
nearly  in  the  highest  state  of  purity ;  or,  according  to  Sir  H* 
Davy,  of  chlorine  and  sodium.  It  has  so  little  water  of  crystalli* 
zation,  that  it  scarcely  decrepitates  when  thrown  on  bumipg 
coals,  in  which  it  diflfers  from  salt  prepared  artificially  by  evapo- 
ration. Specimens  of  rock-salt  brought  from  the  Polish  miiiei) 
are  less  disposed  to  deliquesce  than  those  from  Cheshire.    The 
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deep  ted  eoloiir  very  common  to  rock-salt  is  derived  from  the 
oxide  of  iraiL  Clay  or  marie  commonly  accompanieB  rock-sah ; 
it  fieqiMBtly  Hm  imbedded  in  clay  in  detached  masses ;  the  clay 
is  often  mndi  impregnated  with  sah,  which  is  extracted  from  it 
by  aolnCion  in  water.  The  almost  constant  occurrence  of  sul- 
I^ate  of  Sme  (gypsam)  with  rock-salt,  is  also  a  fact  of  considera- 
ble jacenst  It  is  carious  to  observe  the  two  most  powerful 
the  salphnric  and  muriatic,  so  nearly  associated  in  the 
place.  This  fact,  in  a  more  advanced  state  of  science, 
aayefaKidate  the  chemical  changes  which  have  effected  the 
ftnnalioii  of  these  minerals. 

-The  DMMt  natural  hypothesis  respecting  the  formation  of  rock- 
salt«.et  least  in  some  situations,  is  that  before  stated,  which  attri- 
boles  it  to  the  gradual  evaporation  of  lakes  and  pools  of  salt 
water,  which  remained,  when  the  ocean  retired  from  the  present 
oontiaenti.  This  mineral  by  slow  evaporation  would  be  separa- 
ted from  the  impure  salts  that  exist  in  sea  water ;  and  as  these 
sallB  mte  more  deliquescent  than  rock-salt,  they  might  be  washed 
away,  before  the  beds  of  rock-salt  were  covered  with  earthy 
Btmtau 

The  occnrrence  of  anhydrous  gypsum  with  rock-salt,  which  is 
abo  anhydrous,  would,  however,  indicate  the  action  of  heat  in 
the  fennation  of  these  minerals ;  for  it  is  scarcely  possible  to 
eoBweive  any  mode  of  aqueous  deposition  that  could  form  anhy- 
dmps  gypsum :  but  common  gypsum  might  be  fused  by  heat, 
and  its  water  of  crystallization  expelled ;  it  would  then  be  con- 
verted into  anhydrous  gypsum.  From  the  observations  of  Cbar- 
pentier  at  Bex,  it  appears  that  the  great  beds  of  gypsum  associa- 
ted with  rock-salt,  are  alwa]rs  found  to  be  anhydrous  when  they 
are  laid  open  to  the  atmosphere,  but  they  soon  absorb  water,  and 
aie  converted  into  common  gypsum.  The  saliferous  gypsum  in 
other  parts  of  the  Alps,  is  also  anhydrous ;  and  if  it  should  ap- 
pear that  the  beds  of  gypsum  associated  with  rock-salt  in  other 
conntriea  are  anhydrous,  where  they  have  not  been  exposed  to 
the  action  of  moisture,  it  would  add  much  probability  to  the 
opinioD,  that  the  consolidation  of  rock-salt  and  gypsum  had  been 
efiected  by  heat. 
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Before  concluding  the  account  of  the  red  uiarle  and  sandstoae 
formation,  it  may  be  proper  to  state,  that  foreign  geologists  cob* 
tend  for  the  existence  of  a  red  sandstone  over  coal,  which  is  laid 
conformably  with  the  coal  strata,  and  is  a  part  of  that  formati<m.* 
If  such  a  red  sandstone,  distinct  from  the  new  red  sandstone^r 
exist  any  where  in  England,  it  is  near  Oldham  and  Rochdale  ia 
Lancashire.     The  sandstone  of  Lancashire  is  coloured  in  Ifai 
Greenough^s  Geological  Map  of  England,  as  the  new  red  sand- 
stone, and  in  Mr.  Smith's  Geological  Map,  as  the  old  red  sand- 
stone ;  but  I  am  inclined  to  believe,  that  the  true  position  (^tm- 
ment)  of  this  sandstone  in  many  parts  of  Lancashire,  is  not  yet 
ascertained :  its  relations  with  the  coal  strata  are  different  from 
those  of  the  new  red  sandstone  in  other  parts  of  England.    I 
propose  to  revert  to  this  subject  in  a  subsequent  chapter. 

A  very  remarkable  discovery  has  been  recently  made  of  the 
foot-marks  of  some  unknown  quadruped  in  strata  of  new  red 
sandstone,  at  the  Corn  Cockle  Muir,  three  miles  from  Locbmaben 
in  Dumfriesshire.  They  were  found  forty-five  feet  under  the 
present  surface ;  the  strata  arc  inclined  37  degrees.  This  cir- 
cumstance was  communicated  to  the  author  by  Mr.  Murray,  juo. 
of  Albemarle-street,  who  showed  him  at  the  same  time  a  plaster 
cast,  taken  from  a  slab  of  stone,  in  which  the  impressions  were 
tolerably  distinct,  and  also  part  of  a  thm  stratum  of  the  stone 
itself,  with  indistinct  impressions  of  a  similar  kind.  There  cio 
scarcely  be  a  doubt,  that  they  were  the  real  foot-marks  of  a  digit- 


*  Lo  Grcs,  masse  principale  dc  terrain  houiller,  prende  souvent  une  grand  ezteo* 
non,  en  abandonnant  au  moins  en  majeure  partie  la  houille  avec  Fargile  schitleaM 
qui  I'envelloppe. — D^jiubuisson,  TraiU  de  Geognoiie,  torn.  2. 

M.  A.  H.  Bonnard,  in  hi^  Apperqu  Geognostique  dea  TerrtUfu,  p.  144»  deiciibi* 
the  red  sandstone  as  the  upper  part  of  the  coal  formation. 

A.  Humboldt,  in  his  Essai  Oeognostique  8ur  le  Giaement  dea  Hoehea,  p.  ltf> 
mentions  a  red  sandstone  passing  into  porphyry,  as  the  upper  part  of  the  cotl  ivflt'^ 
tion  in  Germany. 

Messrs.  D'Aubuisson  and  Bonnard  appear  to  have  mistaken  the  lowest  part  of  dM 
red  marie  and  sandstone,  for  a  portion  of  the  regular  coal  strata.  M.  HumboUt 
makes  a  distinction  between  the  unconformable  red  sandstone  and  the  porpbyritic 
red  sandstone,  which  he  cites  as  «  part  of  the  regular  coal  formatioB. 
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aled  ammal  haviag  short  toes  and  claws,  and  the  foot  broad  in 
proportion  to  its  length.  The  breadth  of  .the  foot  is  above  one 
inch.  The  part  of  the  sandstone  in  Mr.  Murray^s  possession  ap- 
peared pmdpMj  composed  of  granular  fragments  of  reddish 
quarts  rock  and  felspar,  with  spots  of  chlorite  or  hornblende.  As 
remains  of  reptiles  have  been  found  in  the  zetchstein  or  magne- 
lian  fimestODe  on  the  Coptinent,  which  is  as  ancient  as  the  new 
nrf  sandstone,  may  not  this  animal  have  been  a  reptile  allied  to 
thetortoiBe? 
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CHAPTER  XII. 

ON  PART  OF  THE  UPPER  SECONDARY  STRATA,  COMPRISING  mS 
CLAY  AND  LIMESTONE,  AND  THE  OOLITIC  SERIES. 

Mineral  Characters  of  IJas  Clay  and  Limestone.— Alum  Slate. — ^Zoological  Cham- 
ters  of  Lias. — The  Muschellcalk  of  France  and  Germany,  the  lower  part  of  Iht 
Lias  Formation,  wanting  in  England. — Liati  of  the  Alpa. — Oolite  or  RoettniM,  Iht 
Jura  LiiiicRtone  of  Foreign  Geoloijrists. — Mineral  and  Zoological  Cbartctefi  of  Of- 
lite  or  Roestone. — The  lower,  middle,  and  upper  Oolites. — Oxford  or  CliiiichCh|. 
— StoneHfield  Slate,  with  Organic  Remains  of  Insects,  Birds,  and  Land  Qaidra- 
peds. — Extent  of  the  Oolite  Formation  in  England ;  its  sudden  termination :  €1- 
servatioBs  respecting  it. — Foreign  Oolites. 

The  great  bed  of  dark  bluish  clay,  accompanying  numeroni 
thin  strata  of  dark  argillaceous  limestone,  called  lias,  is  the  bert 
characterized  of  all  the  upper  secondary  formations  in  Eoglaod, 
exce[>t  chalk ;  and  it  preserves  the  same  appearance  throoghoot 
a  considerable  part  of  France ;  and  may  also  be  traced,  but  with 
some  diversity  of  character,  into  Switzerland  and  Germany. 

The  name  Lias  appears  to  have  been  given  to  it  by  a  provin- 
cial pronunciation  of  the  word  layers  ;  as  the  lias  limestone  itA- 
ta  arc  generally  very  regular  and  flat,  and  rise  in  thin  slabf  or 
layers  when  got  from  the  quarry.  Where  the  lias  beds  are  piettj 
fully  developed,  they  form  a  mass  of  stratified  limestone  andda^f 
several  hundred  feet  in  thickness,  which  rests  upon  the  red  maifc- 
described  in  the  preceding  chapter. 

The  regularly  stratified  lias  limestone  occupies  the  lower  put 
of  the  bed,  and  the  lias  clay  the  upper.  The  lower  beds  of  tke 
limestone  have  often  a  yellowish  white  colour,  and  are  calM 
white  lias.  The  blue  lias  limestone  has  generally  a  dark  smoke- 
grey  colour,  a  dull  earthy  texture,  and  an  imperfectly  conchoidtl 
fracture :  the  purest  beds  contain  from  eighty  to  ninety  per  cent 
of  carbonate  of  lime,  combined  with  bitumen,  alumine,  and  iriHi* 
If  iron  enter  largely  into  the  composition  of  this  limestone,  it 
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forms  a  Kme,  when  burned,  which  has  the  property  of  setting 
under  water. 

The  finer  Unds  of  white  lias  will  receive  a  polish,  and  may  be 
used  for  lithographic  drawings. 

The  lias  clay  frequently  occurs  in  the  form  of  soft  slate  or 
flhale,  which  divides  into  very  thin  laminoB.  This  shale  is  often 
mocb  impregnated  with  bitumen  and  with  iron  pyrites,  and  will 
cootime  to  burn  slowly  when  laid  in  heaps  with  faggots,  and 
ooee  ignited :  during  this  slow  combustion,  the  sulphur  in  the 
iron  pyritea  is  decomposed,  and  combines  with  the  oxygen  of  the 
atmoephere  and  with  a  portion  of  the  alumine  in  the  shale,  and 
femu  sulphate  of  alumine  or  alum.  The  alum  shale  of  Whitby 
in  Yorkshire  is  of  (his  kind ;  it  has  rather  a  soapy  feel,  and  a 
alight  silky  lustre.  When  the  lias  clay  or  alum  shale  falls  in  large 
masses  from  the  clifls  upon  the  sea  shore,  and  gets  moistened  by 
sea  water,  it  ignites  spontaneously,  and  continues  burning  a  con- 
siderable time.  The  cliffs  of  lias  clay  near  Lyme  in  Dorsetshire, 
took  fire  after  heavy  rains,  and  continued  burning  for  several 
months,  about  the  middle  of  the  last  century ;  and  at  the  present 
time  the  elifi  near  Weymouth  are  ignited  by  a  similar  cause. 
The  composition  of  the  clay  in  those  cliffs  is  nearly  the  same  as 
in  the  Has  clay ;  but  it  is  an  upper  formation,  called  Oxford  or 
ehmch  clay. 

Lias  clay  is  impregnated  with  a  considerable  portion  of  muri- 
ate of  soda,  and  sulphate  of  magnesia,  and  soda.  The  mineral 
springs  of  Cheltenham  and  Gloucester  rise  in  this  clay ;  but  the 
Buneral  qualities  decrease  after  the  springs  have  been  opened 
some  time,  which  proves  that  the  saline  matter  is  derived  from 
parts  of  the  bed  adjacent  to  the  springs,  and  is  therefore  soon 
exhausted. 

The  beds  of  lias  clay  and  limestone  are  particularly  distinguish- 
ed by  the  number  and  variety  of  the  organic  remains  which  they 
contain.  Twenty  different  kinds  of  ammonites  have  been  disco- 
vered in  lias,  and  also  various  other  species  of  chambered  shells, 
nautilites,  and  belemnites.  Univalve  shells  are  not  numerous  in 
thb  formation,  but  a  great  variety  of  bivalve  shells  occur  in  it. 
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The  giyphite  (Gryphea  arcuata)  abounds  bo  much  id  some  of 
the  beds  of  lias,  that  in  France  it  has  received  the  name  of  Col- 
caire  (i  frryphites.  Pentacrinites  also  abound  in  the  upper  part 
of  the  lias,  and  in  conjunction  with  gryphites  and  the  ammonitei 
that  have  a  ridge  between  two  furrows,  round  the  back  of  the 
shell,  are  characteristic  of  the  lias  formation. 

The  most  remarkable  organic  remains  arc,  however,  certaiB 
species  of  fish,  and  those  of  vertebrated  animals  allied  to  the  or- 
der of  lizards ;  the  fossil  fish  are  generally  found  in  the  middle  of 
flattened  balls  of  limestone,  in  which  the  form  of  the  body  and 
the  scales  is  of)en  well  preserved.     The  saurian  or  lizard-shaped 
animals  have  left  no  trace  of  the  form  of  their  bodies,  except 
what  can  be  ascertained  from  the  remaining  skeletons.     To  the  - 
Rev.  W.  D.  Conybeare  we  are  indebted  for  having  determiDed 
the  forms  of  two  genera  of  these  animals.    The  ichthyosaurus  or 
fish-lizard  had  the  head  of  a  lizard,  with  a  very  long  pointed  mot 
zlc,  and  numerous  conical  teeth  ;  the  orbit  of  the  eye  is  uncmn* 
monly  large.     Some  idea  may  be  formed  of  the  magnitude  of 
these  animals,  when  I  mention  that  the  orbit  of  the  eye  in  a  head, 
belonging  to  Mr.  Johnson  of  Bristol,  which  I  measured,  was  ten 
inches  long  and  seven  broad  :  the  orbit  in  another  head,  belong" 
ing  to  the  same  gentleman,  measured  nine  inches  in  breadth.* 
The  vertebra;  of  the  ichthyosaurus  resemble  those  of  a  shark, 
which  enabled  it  to  bend  its  tail  with  great  facility,  and  assisted 
the  motion  of  its  paddles,  in  propelling  the  body  with  great  velo- 
city through  water.   Of  the  ichthyosaurus,  four  species  have  been 
discovered.     The  picsiosaurus  resembled  the  former  genus  ia 
many  important  parts  of  its  osteolotry ;  but  its  vertebrse  had  t 
closer  approximation  to  those  of  the  crocodile ;  they  are  onlj 
slightly  concave :  its  neck  was  longer  than  its  body,  and  was 
composed  of  thirty  vertebra},  which  exceeds  the  number  of  the 


*  Mr.  Johnson  of  Bristol  has,  during  many  years,  devoted  much  time  and  UboV, 
and  ha5i  liberally  expended  considerable  sums  of  money  in  collecting  organic  r^ 
mains  of  thc^^c  saurian  animals ;  and  it  \%  to  the  collection  of  these  remains  in  hiL 
private  museum,  that  we  arc  principally  indebted  for  the  discoveries  which  iM^* 
been  made  respecting  them. 


UA8  AT  UME  AND  WHITBY.  197 

cervical  vertebr»  of  the  swan.  Five  species  of  these  animals 
have  been  determined ;  some  of  them  were  twenty  feet  in  length. 
The  booes  of  these  animals  are  found  very  commonly  in  the  cliiTs 
of  has  at  Lyme  in  Dorsetshire,  and  on  the  southern  bank  of  the 
Severn.  It  is  not  certain  that  any  bones  of  the  crocodile  genus 
which  had  feet  have  been  found  in  has ;  but  bones  of  the  turtle 
sometimes  occur  in  it.  Vegetable  remains  in  lias  consist  of  fos- 
silized wood  and  jet. 

The  lias  formation  extends  in  a  waving  line  through  England, 
from  near  Whitby  in  Yorkshire  to  Lyme  in  Dorsetshire ;  at  both 
its  extremities  it  is  fully  developed,  and  presents  similar  features, 
namely,— dark  clifis  of  blackish  clay  or  alum  shale,  with  a  nearly 
flat  floor  of  lias  limestone  extending  into  the  sea,  forming  a  natu- 
rol  pavement,  on  which  the  observer  may  walk  secure,  trciding 
at  almost  every  step  on  the  organic  remains  of  the  inhabitants  of 
a  former  world,  dissemmated  through  the  rock :  these  animal 
remains  are  generally  surrounded  by  stone  harder  than  the  other 
part  of  the  stratum,  and  project  above  the  surface.  At  Sands- 
end,  near  Whitby,  the  alum  shale  has  been  perforated  near  the 
sea,  to  the  depth  of  one  hundred  and  thirty  yards,  without  pene- 
trating into  the  subjacent  rock ;  to  which  if  we  add  the  heif^ht  of 
the  clifis  above,  it  will  make  a  total  thickness  of  lias  exceeding 
two  hundred  and  twenty  yards :  the  upper  parts  are  more  pro- 
ductive of  alum  than  the  lower.  In  Dorsetshire  the  whole  thick- 
ness of  the  lias  formation  may  be  seen  in  succession  ;  a  few  miles 
west  of  Bridport,  the  uppermost  bed  rises  above  the  level  of  the 
sea:  three  miles  west  of  Lyme  it  terminates,  and  the  white  lias 
(the  lowest  part  of  this  formation)  may  be  observed  at  low  water 
resting  on  red  marie. 

From  the  observations  of  M.  Elie  de  Beaumont  on  the  lias  near 
the  Vosges  mountains,  it  appears  that  in  the  lias  of  France  there 
are  certain  lower  strata  nearly  filled  with  shells,  and  which  con- 
tain that  beautiful  fossil  the  Lily  Encrinite.  These  strata  are 
wanting  in  every  part  of  the  English  lias  that  has  yet  been  exa- 
mined :  it  is  to  this  part  of  the  lias  that  the  name  muschvlkalh 
has  been  given  by  the  Germans,  and  it  has  frequently  been  dc- 
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scribed  as  a  different  formation  from  lias ;  but  M.  Beaamont  hii 
that  the  strata  above  the  muschelkalk  are  the  ctdcaire  a  gryflh 
iies^  and  that  the  lower  and  the  upper  strata  are  undoubtedif 
parts  of  the  same  formation,  lying  between  the  red  marie,  grts 
higarre^  and  the  oolites ;  and  he  describes  this  to  be  the  case 
with  the  muschelkalk  in  Germany,  the  lower  beds  of  which  also 
contain  the  lily  encrinite.     We  have  here  a  key  to  certain  parti 
of  foreign  geology,  which  have  hitherto  been  somewhat  obscure: 
the  muschelkalk  and  the  lias  arc  not,  as  has  been  often  stated, 
different  formations,  but  are  only  different  parts  of  the  same  bed; 
for  the  description  of  M.  Beaumont  is  so  precise,  as  to  leave  no 
doubt  respecting  the  identity  of  the  English  lias  and  the  French 
calcaire  a  gryphites^  and  that  the  latter  and  the  muschelkalk  are 
only  upper  and  lower  strata  of  lias.     In  England,  lias  limestooe 
occurs  almost  always  in  nearly  horizontal  strata,  and  never  at^ 
tains  any  great  elevation.     On  the  west  of  Gloucester,  at  High- 
nam  Pork,  lias  limestone  forms  a  nearly  flat  pavement,  oo  the 
summit  of  a  hill  about  two  hundred  and  fifty  feet  above  the  level 
of  the  Vale  of  Severn :  from  this  point  to  the  north-west  there  is 
no  bed  of  lias  known  in  England  or  Wales ;  but  it  is  found  ul 
the  north-west  part  of  Ireland,  and  in  some  of  the  Hebrides.    At 
Barrow-on-Soar  in  Leicestershire,  lias  rises  considerably  above 
the  level  of  the  river :  it  is  in  the  flattened  balls  that  occur  in  the 
Barrow  limestone,  that  the  finest  specimens  of  fossil  fish  are 
found.  The  lias  clay,  from  its  comparative  softness,  has  frequent- 
ly been  excavated  into  volleys, — some  of  the  mountoin  valleys  in 
the  Alps  are  cut  in  lias  clay.     The  lias  limestone  of  the  Alps  and 
the  Jura,  loses  its  flat  and  parallel  stratification,  and  is  bent  and 
contorted  in  various  directions :  it  also  frequently  loses  its  earthy 
texture,  and  is  hard  and  semicrystalline,  like  transition  limestone* 
The  Rev.  R.  Halifax,  of  Stondish,  near  Gloucester,  obligingly 
showed  me  part  of  the  lias  and  oolite  beds  in  the  vicinity  of  CbeW-"^ 
tenhom,  which  he  hod  particularly  studied.     Between  the  uppei 
lias  clay  and  the  oolite,  there  is  a  thick  bed  of  reddish  earth  wit 
ferruginous  nodules  inclosing  portions  of  lias ;  this  earth  may 
seen  cropping  out  at  the  foot  of  Leckhampton  Hill.    No  well 
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marked  natural  division  exists,  which  can  determine  whether  this 
bed  should  be  classed  with  lias,  or  the  oolites.  The  fossils  in  lias 
clay  and  limestone  are  nearly  black,  and  are  sometimes  incrusted 
with  pyrites. 

The  most  valuable  mineral  substances  obtained  from  lias  in 
England,  are  water-setting  lime  and  alum  shale.  The  property 
of  setting  under  water  may  be  communicated  to  any  kind  of 
lime,  by  an  admixture  with  burned  and  pulverized  ironstone. 
Many  of  the  bituminous  and  pyritical  shales  in  the  coal  strata 
would  yield  alum  by  slow  combustion,  if  they  could  be  obtained 
with  facility.  When  alum  shale  is  burned,  and  the  soluble  part 
11  extracted  by  water,  it  is  necessary  to  add  potass  before  the 
process  of  evaporation,  as  crystallized  alum  is  a  triple  salt,  com- 
posed of  sulphate  of  alumine  and  potass. 

Oolite. — ^The  numerous  beds  of  yellowish  limestone  alterna- 
ting with  beds  of  clay,  marie,  sand,  and  sandstone,  that  compose 
the  oolite  formation  in  England,  are  of  variable  thickness ;  but 
their  aggregate  average  depth,  from  the  top  of  the  upper  oolite  to 
the  liaS|  may  be  estimated  at  one  thousand  feet.  These  beds 
may  be  traced  with  little  interruption  along  a  waving  line  from 
the  Cleveland  Hills  in  Yorkshire,  into  Dorsetshire.  In  Glouces- 
tershire they  compose  a  lofty  range  of  hills  on  the  south  side  of 
the  Vale  of  Severn,  called  the  Cotteswold  Hills ;  but  no  strata  of 
this  formation  are  found  in  any  part  of  England  or  Wales,  north- 
west of  the  river  Severn.  In  many  parts  of  France,  the  oolite 
strata  accompanied  with  lias,  present  all  the  characters  of  the 
same  formations  in  England ;  but  in  the  Jura  mountains,  where 
they  are  folly  developed,  the  mineral  characters  often  differ  con- 
siderably ;  and  it  is  only  from  the  geological  position  and  the  im- 
bedded fossils,  that  they  can  be  identified  with  the  English  series. 

Oolite  or  Roestone  receives  its  name  from  the  small  globules 
like  the  roe  of  a  fish,  that  are  imbedded  in  many  of  the  strata ; 
in  some  instances  these  globules  attain  the  size  of  a  pea,  and 
this  variety  has  obtained  the  name  of  Pisiform  oolite.  In  Eng- 
land, nearly  all  the  beds  of  limestone  that  are  oolitic,  in  this  for- 
mation, have  a  yellowish  brown  or  ochery  colour,  by  which  they 
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may  at  first  sight  be  distinguished  from  lias.  The  limestflos  io 
which  the  globules  arc  imbedded  has  generally  an  earthy  texture, 
and  is  dull  and  incapable  of  receiving  a  polish ;  some  varietia 
of  oolite  have  been  much  used  for  architecture.  St.  Paurs,  Som- 
erset House,  and  many  of  the  public  buildings  in  London,  are 
constructed  of  this  stone ;  but  it  is  not  durable.  The  occurrence 
of  small  oviform  globules  in  limestone  is  not  exclusively  con6iMi 
to  the  oolite  formation ;  in  the  ma^nesian  limestone,  and  even  is 
transition  limestone,  a  tendency  to  an  oolitic  structure  may  some- 
times be  observed.  It  is  not  yet  ascertained  whether  these  glob- 
ules are  the  result  of  a  tendency  to  crystalline  arrangement,  or 
whether  they  are  of  animal  origin. 

The  organic  remains  that  occur  in  the  diflferent  beds  of  oolile 
are  so  numerous  and  various,  that  it  would  require  an  ample  vol- 
ume to  describe  them  fully.  It  will  however  be  necessary  to  no- 
tice those  fossil  genera  that  differ  remarkably  from  the  geneit 
whfvse  remains  are  found  in  the  lower  strata,  and  indicate  a  coo- 
siderable  change  in  the  condition  of  the  globe,  or  at  least  in 
those  parts  of  it  where  the  strata  were  deposited. 

It  has  been  already  observed,  that  the  univalve  shells  in  tbe 
lower  strata  were  chiefly  different  species  of  Mautilites,  Ammon- 
ites, and  Belemnites,  which  are  chambered,  and  that  univalve  on-  ^ 
chambered  shells  were  rarely  found  among  them.  By  far  the 
greater  number  of  genera  that  have  lefl  their  remains  in  these 
strata  belong  to  the  acephalous  moluscie,  or  such  as  had  nother 
heads  nor  eyes,  and  inhabited  bivalve  shells.  Even  in  the  lias, 
only  four  genera  of  unchambered  univalve  shells  have  bees 
found,*  and  the  individual  shells  of  each  genus  are  very  rare;  but 
in  the  oolite,  the  genera  and  species  of  univalve  unchambered 
shells  are  more  numerous,  and  the  individual  shells  of  several  spe* 
cics  abound  in  some  of  the  strata.  Now,  as  these  animals  had 
heads  and  eyes,  and  moved  on  their  bellies  like  the  land-snail,  we 
may  infer  that  they  did  not  live  in  deep  seas,  where  the  sense  of 


*  The  Ueliciaa,  8  qiedes ;  the  Trocbus,  3  qiecies ;  the  TomateUa,  and  tho  Mt- 
lania. 
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vition  oonU  not  be  available ;  they  lived  and  moved  in  compara- 
lively  •haUow  vrater  near  the  shore. 

The  vertebrated  animals,  whose  remains  are  found  in  oolite, 
are  some  of  them  of  the  same  genera  as  those  discovered  in  lias ; 
but  others  fadong  to  the  crocodile  genus,  and  had  feet,  like  the 
living  apeciet  of  crocodiles,  and  were  probably  amphibious : 
hence  we  may  iofer,  that  there  were  dry  land  and  rivers  in  the  vi- 
cinity* 

It  may  well  excite  surprise,  that  calcareous  strata  should  so 
rarely  lie  foaod  which  present  distinct  indications  of  having  been 
fisrmed  MLclusiveiy  by  coralline  polypi,  particularly  as  coral  rocks 
and  reefr  of  great  extent  are  so  rapidly  forming  in  our  present 
There  are  however,  among  the  strata  of  oolite,  some 
are  almost  entirely  composed  of  madreporites,  and  have 
veeeived  the  name  of  coral  ragg.  There  are  other  strata  which 
abound  in  the  remains  of  fossil  sponges  and  alcyonia,  and  with 
congeries  of  minute  millepores  and  madrepores.  Nearly  twenty 
species  of  Irochiform  or  top-shaped  spiral  shells,  and  several  spe- 
cies of  echinites,  are  found  in  the  oolite  strata ;  but  in  the  lias 
below,  only  a  few  species  occur,  and  the  individual  shells  are 
scarce.  The  Gryphea  arcuata^  so  common  in  the  lias,  is  rarely 
if  ever  found  in  the  oolite  strata;  but  another  species,  with  an 
expanded  shell,  called  the  Gryjthea  dilata^  is  a  fossil  frequently 
found  in  different  beds  of  the  oolite  formation.  The  shells  and 
bones  in  the  oolite  limestone  have  the  yellowish  ochery  colour  of 
Ae  stone  in  which  they  are  imbedded,  which  may  serve  at  once 
to  distinguish  them  from  the  lias  fossils,  that  invariably  partakf  of 
the  dark  colour  of  the  beds  in  which  they  occur.  English  geolo- 
gists make  three  divisions  of  the  oolite  formation, — the  upper, 
the  middle^  and  the  lower :  they  are  separated  by  thick  beds  of 
day,  and  some  variety  may  be  observed  in  the  fossils  of  each  di- 
vision, but  tlie  general  characters  are  nearly  the  same ;  and  in 
an  elementary  treatise,  a  too  minute  description  would  only  per- 
plex- the  student,  particularly  as  some  of  the  beds  appear  to  be  of 
Kmited  extent. 
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The  lower  division  o(  oolite  comprises ;  1st,  an  imperfect  dafc 
brown  limestone,  much  intermixed  with  sand  and  the  oxide  oE 
iron  ;  2dly,  beds  of  sterile  clay  and  fullers-earth ;  and,  3diy,  the 
great  oolite,  which  is  of  considerable  thickness,  and  yields  free- 
stone for  architecture :  it  is  composed  of  minute  globules  and 
broken  shells,  united  by  a  yellowish  earthy  calcareous  cement 
With  the  lower  division  of  oolites  may  also  be  classed,  4thly,  the 
Stonesfield  slat*',  which  is  a  sandy  calcareous  stone,  dividing  into 
thin  strata,  accompanied  with  shale  and  carbonaceous  matter. 
5thly,  forest  marble :  the  beds  ore  not  numerous,  and  are  chieflj 
composed  of  large  fragments  of  shells ;  small  entire  turbinated 
shells  abound  in  some  of  the  strata.  It  deserves  attention,  thai 
the  univalve  shells  are  most  frequent  in  the  thin  beds,  and  the 
bivalves  in  the  thicker  beds,  of  this  stone.  6thly,  cornbrash.  This 
is  the  upper  part  of  the  lower  division  of  oolites ;  it  does  not 
compose  beds  of  any  cimsiderable  thickness,  nor  does  it  frequent- 
ly occur  in  regular  strata  of  any  great  extent,  but  generally  in  de- 
tached masses,  cemented  by  clay:  the  external  part  of  the  stone 
is  brown,  but  the  inner  part  has  often  a  gray  or  bluish  colour.  To 
Mr.  VVm.  Smith  we  are  principally  indebted  for  the  first  accurate 
account  of  the  different  beds  of  tlie  oolite  formation:  he  obser* 
ved  that  though  the  total  thickness  of  the  cornbrash  beds  is  ^ot 
small,  there  is  a  considerable  difference  between  the  fossib  in  tlie 
upper  beds  and  those  in  the  lower  ones. 

Bf^tween  the  lower  and  the  middle  division  of  oolites,  there  are 
beds  of  dark  blue  clay  called  Oxford  or  Chinch  clay;  the  thick- 
ness has  been  estimated  at  two  hundred  feet  Some  of  the  bedf 
are  bituminous,  and  bear  a  near  resemblance  to  lias  clay;  tbey 
abound  in  Septaria :  other  beds  are  much  intermixed  with  calca- 
reous earth.  In  the  .lower  part  of  the  Oxford  clay,  irregolir 
bed*«  of  lim^'stone  occur,  which  have  received  the  name  of  Kcl- 
Ion  ay  rock,  from  being  found  near  Kelloway  bridge,  in  Wiltshire* 
The  bones  of  one  species  of  ichthyosaurus,  different  from  those 
in  the  lias,  have  been  found  in  the  Oxford  clay. 

The  MD'ULE  DIVISION  o/*  ooZiVc  consists,  1st,  of  beds  of  siliceous 
and  calcareous  sand :  2ndly,  the  coral  ragg  composed  of  loose 
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earthy  Kmeitone,  sometimeB  entirely  formed  of  several  species  of 
branching  madrepores ;  and  3rdly,  the  upper  oolite :  this  agrees 
in  many  of  its  characters  with  the  great  oolite,  but  is  more  perish- 
able; in  tome  of  the  beds,  the  or»litic  character  is  scarcely  dis- 
cernible, in  other  beds  the  globules  are  as  large  as  peas ;  it  has 
hence  received  the  name  of  Pisolite.  The  total  thickness  of  all 
the  beds  in  this  division  has  been  estimated  at  two  hundred  feet. 

Between  the  Middle  and  the  Upper  division  of  oolites,  there 
occurs  another  thick  bed  of  clay,  which  has  received  the  name  of 
Kimmeridge  clay.  It  is  a  grayish  clay  passing  into  the  state  of 
shale,  and  is  sometimes  so  bituminous  as  to  be  used  for  fuel ;  its 
thickness  in  some  parts  is  more  than  one  hundred  feet.  Bones 
of  saurian  or  lizard-shaped  animals  have  been  found  in  this  clay, 
and  aho  bones  of  animals  of  a  higher  order  allied  to  the  whale 
or  seal 

The  UPPKR  DIVISION  of  oolite  comprises  the  beds  of  Portland 
stone,  which  have  been  well  described  as  a  calcareo-siliceous  free- 
stone, with  beds  and  nodules  of  flint.  In  the  Isle  of  Portland, 
where  the  middle  bed  of  the  Portland  stone  is  quarried  for  archi- 
tectural purposes,  it  is  covered  by  a  cream-coloured  stone  called 
eepj  which  is  only  burned  for  lime :  under  this,  there  are  two  beds 
of  workable  stone,  each  five  feet  thick,  separated  by  gray  flint, 
and  a  third  bed  of  the  best  stone  below.  The  total  thickness  of 
the  three  beds  of  building  stone  varies  from  seventeen  to  twenty- 
faur  feet  The  Purbeck  beds  are  by  some  geologists  classed  with 
the  oolites ;  but  they  may  more  properly  be  regarded  as  a  distinct 
fi>rmation,  belonging  to  the  iron-sand,  as  the  fossils  contained  in 
these  beds  diflfer  much  from  those  in  the  oolite,  and  are  supposed 
to  be  fresh  water  shells. 

The  calcareous  sandy  slate  of  Stonesfield,  near  Woodstock  in 
Oxfordshire,  is  believed  to  form  a  member  of  the  lower  oolitic  se- 
ries ;  but  its  organic  remains  are  so  dificrent  from  those  in  any 
known  beds  of  oolite,  that  until  it  can  be  seen  actually  covered 
by  some  undisputed  member  of  the  oolite  series,  a  doubt  mtist 
he  entertained  whether  it  may  not  be  a  portion  of  a  more  recent 
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formation  out  of  its  place,  as  we  find  chalk  occasionftUy  beyoid 
the  limits  generally  assigned  to  it. 

The  Stonesfield  slate  consists  of  two  beds  of  yeHowisb  orgrajp- 
ish  oolitic  limestone,  each  about  two  feet  thick,  and  separated 
by  a  bed  of  loose  calcareous  sandstone  about  the  same  thJckncMi 
The  Stonesfield  slate  on  exposure  to  frost  divides  into  thin  plaiei, 
which  are  used  for  roofing.  The  stone  is  obtained  by  working 
horizontal  galleries  in  the  hill,  which  galleries  communicate  with 
deep  perpendicular  shaAs.  It  is  to  be  regretted  that  no  acooiiiit 
has  been  yet  published  of  the  different  strata  of  stone  sook 
through  by  these  shafts,  as  we  might  hence  derive  decisive  efi- 
dencc,  respecting  the  true  geological  position  of  the  Stonetfidd 
slate. 

The  fossil  remains  in  the  Stonesfield  slate,  consist  of  the  inh 
prossions  of  the  outer  cases  or  elytra  of  winged  insects,  and  the 
bones  of  animals  of  the  opossum  or  diadelphis  genus,  and  also  the 
bones  of  the  megalosaurus  or  gigantic  lizard,  supposed  to  be 
analogous  to  the  Monitor.    From  the  size  of  these  bones,  it  is 
estimated  that  the  animal  to  which  they  belonged,  was  forty  fiset 
in  length  and  twelve  feet  high.     Legs  and  thigh  bcines  of  birdi 
are  also  found  in  the  Stonesfield  slate,  with  the  teeth,  pakUeB. 
and  vertebreD  of  fishes,  and  two  or  three  varieties  of  crabs  and 
lobsters.     Several  varieties  of  marine  shells  and  of  plants  occor 
in  the  same  beds.   The  most  remarkable  circumstance  attending 
these  fossil  remains  is,  that  they  should  occur  in  strata  which  are 
generally  believed  to  have  been  deposited  before  the  creation  of 
terrestrial  mammalia.     If,  however,  there  were  islands,  inhabiied 
by  the  higher  class  of  animals,  when  the  oolite  beds  were  fona- 
ing,  their  bones  may  have  been  carried  down  by  rivers  into  the 
sea,  and  deposited  with  those  of  marine  animals.     But  thoogh 
this  hypothesis  might  satisfactorily  explain  the  occurrence  of 
these  remains  in  the  Stonesfield  slate,  it  would  still  be  not  kii 
extraordinary,  that  similar  remains  shouM  have  been  no  where 
ibund  in  any  of  the  upper  secondary  strata  in  England,  aor  in 
other  countries ;  and  that  they  are  never  met  with,  except  in  Mr^" 
ta  considerably  above  the  chalk  formation.     The  occurrence  of 
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wood,  and  beds  of  lignite  (or  wood  coal)  in  oolite,  confirms  the 
opinion* that  dry  land  existed  somewhere  in  the  vicinity  at  the 
period  when  the  oolitic  beds  were  formed  or  deposited  ;  but  no 
indication  that  the  land  was  inhabited  by  terrestrial  cjuadrupeds 
has  been  hitherto  discovered,  except  in  the  slate  of  Stoiiestirld. 
In  the  strata  above  the  oolite,  particularly  in  the  iron-sand  of 
Cuckfield,  the  bones  of  the  megalosaurus  and  crocodile,  and  those 
of  turtles,  birds,  and  fish,  present  a  similarity  to  the  fossils  of 
Stonesfield;  but  the  bones  of  terrestrial  quadrupeds  arc  wanting, 
and  many  of  the  shells  are  fluviatile.  But  where  was  tlic  island 
on  which  the  animals  lived  and  flourished,  that  have  left  their 
bones  in  the  strata  of  Stonesfield  ?  This  question  will  be  consid- 
ered in  the  brief  chapter  I  propose  to  give  of  the  «Geology  of 
England. 

OBSERVATIONS. 

The  oolites  on  the  continent  are  frequently  accompaoied  with  beds 
of  lignite:  in  England,  lignite  is  not  found  in  oolite,  but  in  the  thick 
beds  of  chij  which  separate  the  upper  and  the  middle  divisions  of  this 
formation.    In  returning  from  the  county  of  Durham,  in  18s!0,  1  took 
a  hasty  morning  survey  of  the  oolite  of  the  Cleveland  Hills  in  York- 
sliire,  in  the  immediate  vicinity  of  Thirk.     1  had  not  time  to  visit  the 
coal  mines;  bat  from  the  specimens  of  coal  1  saw  lying  by  the  road 
lide,  I  should  consider  it  as  a  lignite,  and  not  a  true  mineral  coal :  it 
is  chiefly  employed  in  burning  lime,  and  is  not  used  for  domestic  pur- 
poses, except  by  the  poor.    The  oolite  of  the  Cleveland  Hills  inclines 
to  a  light  smoke-gray  colour ;  it  is  distinctly  oolitic ;  the  stone  is  more 
compact  and  hard  than  the  oolites  of  Oxfordshire  or  Gloucestershire, 
and  licars  a  near  resemblance  to  some  of  the  limestone  beds  on  the 
Jura,  which  I  saw  the  same  summer.     The  Cleveland  oolite  appears 
to  rest  immediately  on  a  sandy  red  earth,  like  that  over  the  lias  near 
Cheltenham,  and  according  to  the  account  of  the  quarrymen,  the  bed 
ImIow  is  a  dark  soft  shale,  which  they  considered  to  be  the  same  as 
tte  alum  nhale  {lias)  on  the  north  side  of  the  same  range  of  hills. 
Some  geologists,  and  particularly  M.  Humboldt,  describe  a  formation 
sindstone  called  quader  sandstein^  as  being  directly  interposed  be- 
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tween  the  lias  and  the  oolites.     Many  English  geologisti  regard  this 
sandstone  as  identical  with  the  iron-sand  or  Hastiog^and.    Accordkf 
to  Humboldt,  quader  sandstein  has  a  whitish-yellowish  or  g^ylsh  co- 
lour ;  the  grains  are  fine,  and  are  united  by  ao  almost  invisible  aifti> 
laceous  or  siliceous  cement ;  it  contains  but  little  mica,  which  is  al- 
ways of  a  silvery  colour,  and  occurs  in  detached  scales. — Estai  tur  k 
Gisement  des  Roches^  p.  268.     The  quader  sandstein  placed  betweea 
lias  and  oolite,  corresponds  in  geological  position  with  the  sandy  bedi 
that  separate  these  formations  in  Gloucestershire  ;  but  the  quader 
sandstein  described  by  other  geologists  as  containing  numerous  Tege- 
tablc  fossil  remains,  may  with  much  probability  be  referred  to  the  iroo- 
sandover  the  oolite,  which  will  be  described  in  the  following  chapter. 


CHAPTER  XIII. 

ON  CHALK.  AND  THE  SUBJACENT  STRATA  CONTAINING  REMAINS 
OF  LAND  PLANTS  AND  FRESH  WATER  ANIMALS. 

BamarfciUe  Zoologicd  Cbtractera  of  the  Strata  between  the  Upper  Oolites  and 
Greea-MJid. — Pnrbeek  beds. — Iron-sand. — ^Tropical  Plants  and  gigantic  Animal 
Rtmaint  dboorered  in  it. — Supposed  appearance  of  the  country  at  the  period 
wlwn  these  Aoimab  flourished. — Green-sand. — Challc-marle. — Lower  Challc. — 
Chalk  with  Flints. — Thickness  and  Extent  of  Chalk  in  various  countries. — Infer- 
•acet  fitMn  the  condition  of  the  Fossils  found  in  Chalk. — Observations  on  the 
Slite  of  the  Upper  Secondary  Strata  previous  to  the  deposition  of  the  Tertiary 
Strata. 

In  an  elementary  treatise  on  Geology,'  it  is  desirable  to  present 
to  the  view  of  the  reader,  not  the  geology  of  a  single  country, 
but  that  of  the  whole  globe,  as  far  as  it  has  been  ascertained.  In 
certain  countries,  particular  formations  occupy  a  considerable 
extent,  and  are  of  great  thickness ;  in  other  countries,  similar  tor- 
mations  are  oAen  wanting  altogether,  or  the  beds  are  so  thin  as 
scarcely  to  excite  notice.  The  upper  secondary  strata  cover 
nore  than  one  half  of  England,  and  hence  the  English  geologist 
flight  l>e  suspected  of  bestowing  upon  them  too  great  a  portion 
>f  his  attention ;  but  a  more  accurate  examination  of  other  coun- 
tries, has  fully  proved,  that  many  of  the  British  strata  which  were 
formerly  believed  to  be  of  very  limited  extent,  are  sprt.'ud  over  a 
^reat  part  of  Europe,  and  preserve  tlic  same  order  of  succession 
in  our  own  island : — a  description  of  these  strata  is  therefore 
essential  part  of  general  geology.  The  formations  of  the 
magQesian  limestone,  the  red  marie,  the  lias,  the  oolites,  and  the 
clialk,  have  risen  into  geological  importance  within  the  last  twelve 
y^VB;  and  the  reproach  cast  upon  South  Britain  by  our  neigh- 
**ourgon  the  other  side  of  the  Tweed,  namely,  "that  there  was 
'■ttleor  nothing  in  England  worth  the  attention  of  a  geologist,'* 
'■^lost  all  its  force.  The  beds  of  sand  and  clay,  that  intervene 
**^twcen  the  two  last  formations  above  enumerated,  were  how- 
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ever  still  more  recently  regarded  as  unworthy  <if  particular nolice, 
as  it  could  not  be  expected,  that  beds  of  sand  or  clay  sIxwU 
pres^Tvc  the  regularity  of  stony  strata,  over  a  great  extent  of  m- 
fucc :  but  the  recent  labours  of  Mr.  Manteil  and  of  Dr.  FittoB, 
have  made  us  acquainted  with  facts  respecting  these  eartby  aal 
sandy  deposits,  which  arc  scarcely  exceeded  in  interest,  by  inj 
discoveries  hi  the  lower  strata. 

In  somo  of  the  lower  formations  we  occasionally  find  in£ci- 
tions  of  dry  land  and  fresh-water  having  existed  in  the  wautj 
at  the  time  when  the  strata  were  deposited ;  but  we  no  where 
discover  a  single  stratum,  of  which  we  can  say  decidedljr-thb 
was  once  the  dry  surface  of  an  island,  or  a  continent.  Intke 
strata  which  we  are  now  to  describe,  the  shells  belong  ckiely 
if  not  exclusively,  to  spories  which  are  regarded  as  river  shells; 
and  the  abundance  of  tree  (urns  and  other  land  plants  indicaler 
that  the  strata  in  which  they  are  found,  were  the  sc»ii  on  which 
they  originally  grew :  this  is  rendered  still  more  probable  bf  the 
occurrence  of  the  bones  and  teeth  of  herbivorous  animals k the 
same  strata.  Some  of  these  animals  are  of  such  a  vast  and  i^ 
palling  magnitude,  as  would  exceed  the  sober  measure  ctf  ordim- 
ry  belief,  if  unsupported  by  the  existence  of  well  preserved  peiti 
of  (heir  skeletons,  that  leave  no  room  for  doubt. 

The  beds  which  preserve  the  remains  of  land  plants,  lorf  of  IJI- 
imals  living  partly  or  entirely  on  dry  land,  arc  covered  by  othen 
of  marine  origin,  and  by  the  vast  formation  of  chalk,  iatggre* 
gate  thickness  not  less  than  six  hundred  feet,  but  in  which  the  R" 
mains  of  no  land  animal  have  as  yet  been  discovered. 

Between  the  upper  oolites  described  in  the  last  chapter,  tnl 
the  lowest  part  of  the  chalk  formation,  the  following  beds  wtj     | 
be  enumerated,  commencing  with  the  lowest 

The  Purheck  btds^  so  called  from  the  Isle  of  Purbeck  in  Dfif" 
selshire,  where  they  were  formerly  quarried  lor  a  limestone  tk* 
nominated  Purbeck  marble.  These  beds  consist  of  argillaoeoH 
hmestone,  alternating  with  shale;  the  upper  beds  furnished  the 
best  stone :  the  total  thickness  of  all  the  strata  is  about  three  he*" 
drcd  feet ;  they  abound  in  iresh  water  shells. 
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The  Irm-umd  or  Hattings-umd  covers  the  Purbeck  beds ;  it 
18  cUefly  a  siliceous  sand  or  loose  sandstone,  containing  the  brown 
oxide  of  iroDi  which  generally  gives  the  sandy  beds  a  reddish 
brown  colour :  beds  of  clay  and  fullers^arth  are  occasionally  in- 
terstratified  with  the  iron-sand. 

The  oxide  of  iron,  so  abundantly  disseminated  through  this 
sand,  is  often  concreted  into  hard  nodules  in  irregular  veins,  which 
project  above  the  surface,  wherever  steep  banks  or  escarpments 
of  iron-sand  occur.  Silicified  wood  and  wood  coal  are  found  in 
various  parts  of  the  sandstone  belonging  to  this  formation,  both 
in  England  and  on  the  Continent.  A  very  deep  section  has  been 
cat  through  the  iron-sand,  at  Woburn  in  Bedfordshire,  to  level 
Ae  great  road  from  London  to  Northampton  :  a  distinct  view  of 
ita  mineral  characters  may  there  be  observed  ;  and  in  the  vicin- 
ity of  Woburn  there  are  pits  made  in  the  sand,  to  extract  fullers- 
earth.  But  in  Tilgate  Forest  in  Sussex,  the  zoological  charac- 
ters of  tlus  formation  are  most  remarkably  displayed.  Mr.  Man- 
tell  has  pubUshed  a  very  interesting  account  of  the  fossil  remains 
which  he  discovered  there.  They  consist  of  petrified  trunks  of 
large  plants,  bearing  a  resemblance  to  the  palms,  arborescent 
ftms,  and  gigantic  reeds  of  tropical  climates ;  the  shells  of  fresh 
water  genera,  as  the  freshwater  muscle,  the  mya,  cyrena,  paludi- 
na,  and  Helix  vivipara.  Some  remains  of  fish,  and  three  distinct 
species  of  turtles,  have  also  been  discovered ;  and  the  bones,  teeth, 
mm!  scales  of  at  least  four  gigantic  species  of  the  lizard  family ; 
nanielyi  the  crocodile,  plesiosaurus,  megalosaurus,  and  igua- 

nodon. 

The  crocodilian  remains  are  pronounced  by  Cuvier  to  be,  almost 
identical  with  those  of  the  fossil  crocodile  discovered  at  Caen  in 
Normandy,  which  belongs  to  the  genus  gavial  (the  crocodile  of 
the  Ganges.) 

The  Plesiosaurus. — This  animal  has  been  noticed,  Chap.  II. 
aodX. 

The  Megalosaurus. — The  bones  of  this  animal  found  at  Til- 
gate  are  similar  to  those  discovered  by  Mr.  Buckland  in  the 
Stonesfield  strata.    The  megalosaurus  is  supposed  to  approach 
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nearer  to  the  form  of  the  Monitor*  than  to  any  other  species  of 
living  lizard  ;  but  its  size  is  so  enormous,  thatthivicr  says,  if  we 
suppose  it  to  have  possessed  the  proportion  of  the  monitor,  it 
must  have  exceeded  seventy  feet  in  length. 

The  Iguanodon. — A  nondescript  herbivorous  reptile,  which 
Cuvicr  pronounces  to  be  the   most  extraordinary  animal  yet  dis* 
covered.    Its  structure  approaches  nearest  to  that  of  the  Iguana, 
a  large  species  of  lizard  in  the  West  Indies :  its  length  was  be> 
tween  sixty  and  seventy  feet,  which  is  double  that  of  the  largest 
living  crocodile.     But  the  great  peculiarity  of  the  iguanodoo,  is 
the  form  of  its  teeth,  which  bear  a  striking  resemblance  to  the 
grinders  of  herbivorous  mammalia,  being  evidently  intended  fv 
mastication,  in  which  respect  it  differs  from  all  living  aniroak  of 
the  lizard  family.     The  herbivorous  amphibioe  gnaw  off  the  veg- 
otable  productions  on  which  they  feed,  but  do  not  chew  them.-* 
"  Since  the  vegetable  remains,^^  says  Mr.  Mantell,  **with  which 
the  teeth  of  the  iguanodon  are  associated,  consist  principally  of 
those  tribes  of  plants  that  arc  furnished  with  rough  thick  itemi, 
and  which  were  probably  the  principal  food  of  the  original  aramal, 
we  may  be  permitted  to  remark,  that  this  peculiar  structure  of 
the  teeth  seems  to  have  been  required,  to  enable  the  animal  to 
accommodate  itself  to  the  condition  in  which  it  was  placed.**— 
The  iguanodon  appears  also  to  have  possessed  a  horn,  eqotl  in 
size  and  not  very  different  in  form  from  the  horn  of  the  ihiiioce* 
ros :  in  this  respect,  it  resembles  a  living  species  of  iguana,  t  na- 
tive of  St.  Domingo. 

Mr.  Mantell  concludes  his  "  Illustrations  of  the  Geology  of  Sii> 
sex,^*  with  the  following  interesting  observations. 

'*'  We  cannot  leave  this  subject  without  offering  a  few  gMCftI 
remarks  on  the  probable  condition  of  the  country,  through  wbick 
the  waters  flowed  that  deposited  the  strata  of  Tilgate  Foreit; 
and  on  the  nature  of  its  animal  and  vegetable  produetiooS' 
Whether  it  were  an  island  or  a  continent,  may  not  be  determioed; 

*  The  Monitor— •  speciM  of  lizards  which  wo  supposed  to  give  wmnriog  of  tiwif' 
proach  of  the  crooodile  by  a  liiifiof  noifle. 
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but  thmt  it  was  diveraified  bjr  hill  and  Talley,  and  enjoyed  a  climate 
of  a  higher  temperature  than  any  part  of  modern  Europe,  is 
more  than  probable.  Several  kinds  of  ferns  appear  to  have 
GonatitBted  the  immediate  vegetable  clothing  of  the  soil ;  the  ele- 
gant Hymemcpiens  psUotoides^  which  probably  never  attained  a 
greater  height  than  three  or  four  feet,  and  the  beautiful  Pecop^ 
teriM  reikubaot  of  still  lesser  growth,  being  abundant  every  where. 
It  18  easy  to  conceive  what  would  be  the  appearance  of  the  val- 
leys and  plaina  covered  with  these  plants,  from  that  presented  by 
modem  tracts,  where  the  common  ferns  so  generally  prevail. 
But  the  loftier  vegetables  were  so  entirely  distinct  from  any  that 
are  now  known  to  exist  in  European  countries,  that  we  seek  in 
vain  finr  any  thing  at  all  analogous  without  the  tropics.  The  for- 
ests of  CUuhraria  and  Endogenit€e^  (the  plants  of  which,  like 
some  of  the  recent  arborescent  ferns,  probably  attained  a  height 
of  thirty  or  forty  feet,)  must  have  borne  a  much  greater  resem- 
blance to  those  of  tropical  regions,  than  to  any  that  now  occur 
m  temperate  climates.  That  the  soil  was  of  a  sandy  nature  on 
iheluBs  and  less  elevated  parts  of  the  country,  and  argillaceous 
in  the  plains  and  marshes,  may  be  inferred  from  the  vegetable  re- 
mains, and  fiom  the  nature  of  the  substances  in  which  they  are 
enclosed.  Sand  and  clay  every  where  prevail  in  the  Hastings 
strata ;  nor  is  it  unworthy  of  remark,  that  the  recent  vegetables 
Id  which  the  fossil  plants  bear  the  greatest  analogy,  aflect  soils 
of  this  description.  If  we  attempt  to  pourtray  the  animals  of 
tUs  ancient  country,  our  description  will  posses  more  of  the 
chancter  of  a  romance,  than  of  a  legitimate  deduction  from  cs- 
tabiislied  facts.  Turtles,  of  various  kinds,  must  have  been  seen 
on  the  banks  of  its  rivers  or  lakes,  and  groups  of  enormous  croc- 
odiles basking  in  the  fens  and  shallows." 

**  The  gigantic  Megalosaurtis^  and  yet  more  gigantic  Iguano- 
don,  to  whom  the  groves  of  palms  and  arborescent  ferns  would 
be  mere  beds  of  reeds,  must  have  been  of  such  prodigious  mag- 
mtnde,  that  the  existing  animal  creation  presents  us  with  no  fit 
objects  of  comparison.  Imagine  an  animal  of  the  lizard  tribe, 
three  or  four  times  as  large  as  the  largest  crocodile,  having  jaws. 
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with  teeth  equal  in  size  to  the  incisors  of  the  rhinoceros,  ind 
crested  with  horns ; — such  a  creature  must  have  been  the  iguan- 
odon  !  Nor  were  the  inhabitants  of  the  waters  much  less  wonder- 
ful ;  witness  the  plesiosaurus,  which  only  required  wings  to  be  a 
flying  dragon  ;  the  fishes  resembling  Siluri^  Balistie^  &cJ*^ 

The  parts  of  England  where  the  iron-sand  covers  a  considera* 
ble  extent  of  surface,  are  the  counties  of  Kent,  Sussex,  and  Bed- 
fordshire.    In  France  it  is  denominated  gres  ferrugineux. 

The   Weald'clay^  so  called  from  being  first  noticed  in  the 
Wealds  of  Kent,  varies  in  its  quality  from  a  dark  tenacious  clay, 
to  a  gray  calcareous  marie.     Some  of  the  beds  consist  of  argil- 
laceous limestone,  filled  with  univalve  shells  of  the  genus  Vivipara, 
a  freshwater  shell.     This  limestone,  called  Petworth  or  Sussex 
marble,  closely  resembles  the  Purbeck  marble  before  described. 
In  Kent,  the  Weald-clay  is  three  hundred  feet  thick,  but  it  does 
not  appear  to  be  an  extensive  bed,  as  it  grows  thinner  in  the  ad- 
jacent counties,  and  has  not  been  traced  beyond  them.     Here 
terminates  the  freshwater  formation  below  chalk,  comprising  the 
Purbeck  beds,  the  Hastings  or  iron-sands,  and  the  Weald-clay, 
with  their  associated  beds  of  marie  and  hmestone.     Whether  the 
whole  series  were  deposited  in  a  freshwater  lake,  or  whether  the 
remains  of  fre.«hwater  plants  and  animals  were  carried  down  by 
rivers,  and  left  in  estuaries  at  their  mouths,  perhaps  future  ioves- 
tigation  may  determine.     Whatever  was  the  condition  of  thif 
part  of  the  globe,  when  the  strata  with  freshwater  remains  were 
formed,  we  have  certain  proof,  that  it  was  again  covered  by  a 
very  deep  sea,  in  which  all  the  thick  beds  of  chalk  and  chalk 
marie  were  deposited,  and  in  which  the  numerous  tribes  of  mi- 
rine  animals  lived  and  flourished,  that  have  left  their  exuvis  in 
the  different  parts  of  that  great  calcareous  formation. 

Green-sand. — This  bed,  which  is  of  considerable  thickness,  ii 
interposed  between  the  Weald-clay  and  the  chalk,  and  is  to  be 
distinguished  from  the  iron-sand  below  both,  by  its  mineral  and 
zoological  characters.*     The  green-sand  might  perhaps  be  prop- 

*  The  foBsils  in  the  Weald-day  of  Tilgate  Forest,  according  to  Mr.  Mantell,  ^ 
the  Cypris  faba,  Paludinae,  Cyrens,  scales  of  fishes,  and  Vivipane  paludinr. 
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«rly  dasKd  as  a  lower  member  of  the  chalk  formation,  as  it  ac- 
companies chalk,  hotb  in  England  and  on  the  continent  of  Eu- 
rope ;  and  the  lower  beds  of  chalk  or  chalk  marie,  pass  gradual- 
ly into  the  green  sand,  by  a  close  intermixture  with  it,  and  have, 
on  account  of  their  greenish  or  yellowish  colour,  been  denomina- 
ted Okmcmme  crayeuse  and  Crate  cUoritee^  by  the  French. 

Green-sand  has  received  its  English  name  from  its  intermixture 
with  particles  of  green  earth ;  it  is  very  variable  in  its  mineral 
characters,  being  sometimes  found  composed  of  loose  siliceous 
sand ;  in  other  situations,  it  forms  sandstone  cemented  by  calca- 
reous earth ;  it  abounds  in  siliceous  concretions,  which  vary  from 
an  opaque  bluish  white  chert  or  homstone,  to  flint  and  chalcedo- 
ay.  The  geodes  found  in  the  greennsand  near  Sidmouth,  arc 
^Bompoaed  of  opaque  chert  on  the  outside,  and  contain  within, 
mammillated  concretions  of  beautiful  chalcedony,  and  occasion- 
ally perfect  minute  rock  crystals.  Some  of  the  sandy  concretions 
near  Sidmoath  have  a  beautiful  green  colour,  wliich  I  found  to 
proceed  from  green  sulphate  of  iron.* 

The  fossils  in  the  green-sand  are  very  numerous  and  in  high 
pireservatioo :  they  consist  chiefly  of  various  species  of  chambered 
and  uncbambered  univalve  shells,  and  of  bivalve  shells  and  echi- 
ni ;  few  remains  of  vertebratcd  animals  have  been  found  in  any 
part  of  the  beds.  Amidst  the  great  variety  of  fossil  species,  it 
wooM  be  difficult  to  select  any  one  which  is  decidedly  character- 
of  this  formation ;  but  where  several  species  are  associated 

the  green-sand  in  different  situations,  they  may  serve  collect- 
irely  to  identify  it  in  remote  countries.  M.  A.  Brongniart  has 
thus  attempted  to  identify  the  strata  near  the  Perte  de  Rhone  on 
the  confines  of  Savoy,  with  the  green-sand  or  chalk  marie  in  the 
north  of  France  and  in  England,  in  an  interesting  memoir  enti- 
tled Sur  lesCaractires  Zoologiques  des  Formations^  publ.  1822.t 

*  Ob  the  evt  of  Sidaoafh,  immediately  above  Uie  town,  I  obeerved  green-sand 
with  Mack  particles,  which  1  ascertained  to  be  the  black  oxide  of  man- 


t  Near  die  Parte  de  Rhone,  in  the  bed  of  the  river  Valteline,  I  discovered  itrata 
a  gnat  raaemhiaiiee  to  the  tower  English  chalk. 
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There  is  one  negative  character  which  the  fossils  ia  the  greao* 
sand  afford ;  the  echini  of  the  genus  Spatangus,  which  are  com- 
mon in  chalk,  aiid  in  the  green-sand,  have  not  been  discorered 
in  any  lower  formation.  In  the  western  part  of  England,  the 
fossils  in  green-sand  are  often  converted  into  chalcedony.  Bdov 
the  green-sand,  in  the  county  of  Sussex,  there  is  a  stratnmof 
clay,  called  gcdt^  under  which  there  is  a  ferruginous  sand,  pasnig 
in  the  lower  part  into  green-sand ;  this  is  sometimes  called  Shank* 
lin-sand,  and  sometimes  the  lower  green-sand.  According  to 
Mr.  Mantell,  it  contains  casts  of  the  trigonice,  patellce,  modiolfl^ 
&c.  The  gait  or  Folkstonc  marie,  contains  belemnites,  ammoii- 
ites,  and  nautilites,  with  remains  of  fishes  and  crabs. 

The  green-sand  formation  is  covered  by  chalk ;  but  in  sooe 
parts  of  England  it  extends  beyond  the  chalk,  and  covers  the 
subjacent  strata  at  a  considerable  distance  from  the  chalk  fomi* 
tion.  The  French  chemist  M.  Berthier,  discovered  that  dn 
green  particles  in  the  strata  under  and  over  chalk,  are  the  siliciile 
of  iron.  The  general  name  given  by  the  French  to  the  green* 
sand  formation,  is  gres  ct  sables  verts. 

Chalk. — This  rock  extends  through  many  of  the  eastern  and 
southern  counties  in  England  ;  it  may  be  traced  with  little  inter 
ruption  from  Yorkshire  into  Kent,  and  from  Kent  into  Dorset- 
shire. Chalk  is  a  stone  so  well  known  in  England,  as  to  reqoire 
but  little  description.  Its  prevailing  colour  is  white,  bat  some  of 
the  lower  beds  incline  to  gray ;  it  has  an  earthy  texture,  tod  ii 
generally  so  soft  as  to  yield  to  the  nail,  though  some  of  the  bwer 
beds  are  sufficiently  hard  to  be  employed  for  building-ftoiML 
The  average  thickness  of  the  chalk  strata  may  be  estimated  it 
from  six  hundred  to  eight  hundred  feet  The  upper  beds  cot* 
tain  numerous  nodules  and  short  irregular  veins  of  flint;  tke 
lower  chalk  contains  fewer  flints,  and  is  generally  hard :  bekiv 
this,  there  occur  beds  of  soft  chalk,  called  chalk  marie,  b 
France  the  beds  of  chalk  seldom  attain  the  thickness  whicfa  ^ 
have  in  England.  The  French  divide  the  chalk  formation  toto 
the  lowest  or  chalk  marie,  with  green  particles,  craie  cJdoritk^  or 
glauconie  crayeuse  ;  the  middle  or  coarse  chalk  is  of  a  grajid^ 
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colour  and  intermuced  with  sand;  it  contains  whitish  chert  (crot^ 
grosiUre  or  craie  tufeau;)  the  upper  or  white  chalk  (crate 
hUmcht^  which  contains  nodules  of  common  flint. 

M.  Humboldt,  after  noticing  the  great  intermixture  of  the 
sandy  calcareous  and  argillaceous  beds,  in  the  formations  below 
chalk,  and  which  is  greatly  increased  in  the  tertiary  strata  above 
chalk,  observes,  *'  that  nature  seems  to  have  relented  in  her  ten- 
dency to  form  complex  mixtures  when  chalk  was  deposited."  In 
the  chalk  formation,  we  find  an  assemblage  of  calcareous  strata, 
composed  of  carbonate  of  lime,  with  very  little  intermixture  of 
the  other  earths,  and  without  any  alternation  with  argillaceous  or 
siliceous  strata.  Chalk  is  not,  however,  absolutely  pure ;  for  be- 
side the  nodules  and  veins  of  flint  that  occur  in  it,  but  which  bear 
no  sensible  proportion  to  the  whole  mass,  some  of  the  strata  con- 
tain an  intermixture  with  siliceous  sand,  and  in  other  strata,  cal- 
oareoos  earth  is  combined  with  magnesia.  In  some  of  the  chalk 
strata  in  France,  the  magnesia  exceeds  ten  per  cent,  and  I  beHeve 
many  of  the  English  chalk  strata  contain  as  great  a  proportion  of 
magnesian  earth. 

Chalk  which  contains  a  notable  portion  of  magnesia,  may  gen- 
erally be  known  by  an  appearance  of  dendritical  spotted  delinea- 
tions on  the  surface  of  the  natural  partings,  and  by  minute  black 
spots,  like  grains  of  gunpowder,  in  the  substance  of  the  chalk. 

The  stratification  of  chalk  is  seldom  so  distinct  as  in  many  other 
calcareous  formations:  this  may  be  partly  owing  to  the  softness  of 
the  beds,  which  appear  to  have  yielded  to  pressure  ;  and  to  the 
same  cause  we  may  probably  ascribe  the  fractured  state  of  the 
nodules  of  flint  in  chalk,  which  often  appear  whole,  when  they  are 
imbedded  in  the  rock,  but  when  taken  out,  arc  found  to  be  shiver- 
ed into  innumerable  angular  fragments.    The  nodules  of  flint, 
are  commonly  arranged  in  pretty  regular  layers  in  the  chalk ; 
they  occur  in  detached  concretions  of  various  shapes  and  sizes : 
some  of  them  are  believed  to  be  the  casts  of  spongiform  zoo- 
phytes ;  and  this  is  rendered  more  probable,  by  the  fi-equent  oc- 
currence of  fossil  echini  in  chalk,  in  which  the  internal  part  is  fill- 
ed with  flint,  and  forms  a  perfect  cast  of  the  animal. 
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The  constant  occurrence  of  flint  in  the  upper  chalk,  and  the 
apparent  conversion  of  animal  remains  into  flint,  has  fonnerij 
given  rise  to  much  speculation  respecting  the  origin  of  flint,  and 
it  was  at  one  time  maintained,  that  flint  and  chalk  are  convertible 
or  capable  of  undergoing  a  mutual  transmutation  :  but  whatevar 
hidden  processes  there  may  be  in  the  great  laboratory  of  the 
earth,  by  which  all  mineral  substances,  held  to  be  elementary  fay 
the  chemist,  may  be  resolved  into  original  elements  still  more  sioh 
ple,  and  afterwards  recompounded  into  other  substances,  we 
have  no  reason  to  mount  so  high  in  our  speculations,  respectiog 
the  origin  of  flint 

Flint  is  siliceous  earth  nearly  pure,  and  we  find  the  same  earth 
under  different  forms  combined  with  almost  all  calcareous  rocki 
in  a  greater  or  lesser  proportion. 

Primitive  limestone  is  often  much  intermixed  with  siliceoai 
earth.     Transition  limestone  occasionally  contains  rock-cryttab 
imbedded  in  the  mass :  this  is  not  unfrequently  the  case  in  loiifB 
of  the  transition  limestones  of  Derbyshire.     The  magnesian  lime- 
stones and  oolites,  are  also  very  commonly  intermixed   with  sill* 
ceous  grains,  and  often  alternate  with  strata  that  are  more  or 
less  siliceous :  hence  we  need  not  be  surprised  to  find  siliceous 
earth  in  chalk,  either  combined  with  calcareous  earth,  or  separa- 
ted in  distinct  concretions.     When  the  cavities  of  a  sponge  or 
crustaceous  animal  admitted  the  siliceous  earth  to  enter,  it  ap- 
pears to  have  been  infiltered  from  the  chalk,  in  the  same  manner 
as  the  nodules  of  chalcedony  have  been  infiltered  into  the  caTitiei 
of  lava  or  basalt.     Between  chalcedony  and  flint  there  is  a  near 
resemblance,  they  are  only  different  modes  of  the  same  iidH 
stance,  and  the  flint  nodules  in  the  western  counties  of  EngiBodf 
are  frequently  chalcedonic.     The  hardest  rocks  and  stones  tie 
permeable  to  water ;  and  flint  when  first  got  out  of  the  chalk  if 
easilv  fractured,  and  the  fractured  surface  is  found  covered  with 
moisture. 

The  fossils  found  in  chalk  are  the  remains  of  marine  animak 
The  Echini,  of  which  there  are  various  species,  are  so  numemai 
that  they  are  considered  as  characteristic  of  this  formation,  and 
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■ome  tre  peealiar  to  h,  particularly  the  helmet-shaped  ecbiniMi 
{ananckjftes,) 

Anunomtea  of  a  diflerent  species  from  those  in  the  lower  stra- 
tk  are  eecasionally  found  in  chalk,  and  also  belemnites  and  sca- 
phitest  There  are  but  few  spiral  univalve  shells  in  this  formation, 
which  perhapa  may  confirm  the  opinion  before  stated,  that  the 
animals  of  this  class  were  not  the  inhabitants  of  deep  seas.  Of 
bivahre  ahelh  there  are  many  species ;  and  the  remains  of  zoo* 
ftkjtBBf  particularly  of  sponges  and  alcyonia,  are  numerous. 

The  remaina  of  vertebrated  animals  are  rare ;  they  consist 
chiefly  of  the  teeth,  palates,  vertebrae,  and  scales  of  fishes.  The 
great  preservation  in  which  some  of  the  most  delicate  of  these 
remains  are  frequently  found,  renders  it  probable,  that  chalk  was 
deposited  in  a  deep  and  tranquil  sea.  Balls  of  iron  pyrites  with 
a  radiated  diverging  structure,  are  frequently  found  in  chalk ;  and 
the  large  spines  of  echini,  of  the  genus  Cidaris,  are  found  con- 
terted  into  pyrites  in  the  chalk-pits  near  Dorking ;  they  resemble 
•mall  fungi  with  a  stalk  and  rounded  head. 

AU  the  fiissils  in  chalk  are  regarded  as  belonging  to  species 
now  extinct,  and  several  of  them  belong  to  extinct  genera.  Mr. 
Parkinson  says  that  ^^  hardly  a  single  fossil  has  been  found  in  the 
lower  chalk,  which  has  been  met  with  in  the  upper  or  in  any  oth- 
er stratum."  Chalk  extends  along  the  northern  coast  of  France 
opposite  the  chalk  cliffs  of  England,  of  which  it  was  no  doubt  a 
continuous  formation :  it  extends  also  far  into  the  interior  of 
France,  and  may  be  traced  through  the  Netherlands  and  part 
of  Germany,  into  Poland,  and  to  the  Island  of  Rugen  in  the 
Baltic,  and  into  Sweden. 

The  lower  part  of  the  chalk  formation  may  also  be  traced  to 
the  calcareous  ranges  of  the  Alps.  We  have  no  precise  informa- 
tion respecting  the  extent  of  chalk  in  Asia :  it  has  been  said,  but 
with  what  truth  I  know  not,  that  Jerusalem  is  built  upon  chalk. 
Humboldt  discovered  no  chalk  in  South  America,  nor  has  it  been 
hitherto  found  in  any  part  of  the  United  States.  Chalk  is  the 
q^permost  of  the  strata  classed  as  secondary ;  it  was  till  very 
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'  lately  regarded  as  the  most  recent  of  rock-formatioiui,  except 
the  volcanic. 

Between  the  epoch  when  chalk  waa  deposited,  and  the  period 
when  it  was  covered  with  the  tertiary  strata,  there  appears  to  have^ 
been  a  considerable  interval,  during  which  the  aurface  of  the  ex- 
tensive mass  of  chalk,  was  in  many  situations,  deeply  fiirrowedt 
and  excavated  into  valleys  and  basins,  before  a  new  aeries  of 
strata  were  deposited  upon  it,  destined  to  support  a  new  creation 
of  animals  of  a  superior  class,  altogether  different  from  those 
which  have  left  their  remains  in  the  subjacent  strata. 


CHAPTER  XIV. 

ON  THE  TERTIARY  FORMATIONS. 

Vn  tfM  Formttiia  of  the  Tertiwy  Strata  in  Lakaa  or  inland  Seaa.— On  their  subM* 
qnont  doitruction  by  external  causes.— On  the  discovery  of  the  Tertiary  Strata 
of  Fraiiee.— Alternations  of  Marine  and  PAshwater  Strata.— General  Classifica- 
tton  of  Tertiary  Strata.— Lower  Marine  Strata  sometimes  altematfaig  with  Beds 
containing  River  Shells  and  Lignite.— Lower  Freshwater  Strata  sometimes  con- 
taining Marine  Shells. — Upper  Marine  Sandstone.— Upper  Freshwater  Limestone. 
—Plastic  Clay  and  London  Clay.— Molasse.— On  the  Remains  of  Land  Quadrupeds 
•opposed  to  be  firand  in  Molasse. — On  the  London  Clay  in  the  Vale  of  Thames 
and  tiie  Strata  with  pare  Water  below  it — Cfaieaire  gr&mer  and  Caicaire  nli- 
tatx. — Ojrpeeous  Marie  and  Gypsnm  of  Paris  containing  Bones  of  numerous  ez- 
tinet  Species  of  Land  Quadrupeds. — Upper  Marine  Sandstone  of  France  and  Eng- 
land.— ^Freshwater  Limestone  of  Paris  and  the  South  of  France. — Remarkable 
position  of  the  Tertiary  Strata  in  the  Isle  of  Wight. — Opinions  respecting  the  al- 
ternation of  Marine  and  Freshwater  Formations. 

• 

Ths  tertiary  formations  comprise  all  the  various  regular  beds 
of  limestone,  clay,  marie,  sandstone,  or  sand,  that  have  been  de- 
posited after  chalk. — They  were  until  very  recently  confounded 
with  alluvial  and  diluvial  deposits,  and  were  scarcely  noticed  by 
geologists.  It  is  now  however  discovered,  that  the  tertiary  forma- 
tions are  very  widely  spread  over  the  present  islands  and  conti- 
nents, and  are  of  considerable  thickness. 

The  most  remarkable  discovery  that  has  been  made  respecting 
the  tertiary  deposits  is,  that  many  of  them  contain  the  bones  of 
mammiferous  quadrupeds,  as  perfect  in  their  organization  as  any 
of  the  existing  species  of  land  quadrupeds,  but  most  of  them 
belonging  to  genera  or  species  that  are  extinct  The  tertiary 
strata  are  further  remarkable,  for  presenting  the  frequent  alter- 
nation of  beds  containing  the  remains  of  marine  animals,  with 
other  beds  that  contain  the  bones  of  land  animals,  or  freshwater 
shells.  It  appears  that  the  tertiary  strata  were  chiefly  formed  in 
detached  inland  seas,  or  lakes ;  hence  there  is  a  considerable  di- 
versity in  the  thickness,  number  and  quaUty  of  the  beds,  in  difler- 
ent  districts  or  countries. 


29D  lanUX  STBATA  KSAl  PABIB. 

and  eoMoBdation  of  the  upper  seconda- 
o(  tke  globe  appears  to  have  remained  in  a 
tm  haEie  cspeneseed  km  violent  concussioiiB 

aea.    Those  faalts  and  dykei 

krahcB  the  loaror  strata,  rarely  ex- 

itrata;  far  we  find  the  latter  arranged 

or  dippHig  with  every  ngbt  degree  of  n* 

WiKte  the  ippca  accoiidaiy  itrata  have  experienced 

fiwce.  it  appeuB  to  have  operated  at 
after  the  depeaition  of  the  tertiary 
strau  :  far  they  are  Citittlr  raind  ordeprened  together,  as 
we  hare  befete  notkcd  in  the  AlpiL 

hk  oar  omm  irfaad.  we  hare  inrtanroi  of  partial  subeideBcei  of 
Ae  iMer  wcoedafv  aad  icvtiarv  strata,  which  however  aw  lew 
and  of  venr  limited  extent. 

Thoogfa  in  Englaod  and  ibe  oorthem  parti  of  Europe,  few  in- 
ternal disturbing  causes  have  acted  imensely  or  exteoaive^'On 
the  cnut  of  the  giobe^  after  the  deposition  of  the  upper  secondary, 
and  the  tertiarr  strata*  we  have  dear  indications  of  an  esteroal 
force,  which  has  torn  away  conwderable  portioos  of  them,  and 
transported  their  rains  into  distant  countries,  or  into  the  oeeao. 
Many  of  these  strata  have  evidentiy  once  extended  beyond 
their  present  limits ;  and  some  of  the  tertiary  strata  have  been 
so  completely  dcastroyed  in  many  situations,  that  we  can  only  in- 
fer their  former  existence,  by  a  few  remaining  detached  portions. 
In  France^  the  tertiary  strata  are  more  widely  spread,  «»d  ma- 
ny of  them  more  folly  developed,  than  in  England:  it  is  indeed 
flcarcely  possible  to  imagine  a  more  distinct  display  of  the  aeries 
of  strata  in  any  class  of  rocks,  than  is  presented  dose  to  Ibe  ve- 
«y  gates  of  Paris.  In  a  capital  so  distinguished  for  smenli6c  in- 
vestigation, and  possessing  so  many  able  and  acute  obaerven,  it 
does  indeed  seem  truly  extraordinary,  that  the  strata  with  which 
^they  were  surrounded,  should  never  have  been  properly  examined 
until  so  recent  a  period,  as  the  early  part  of  the  present  century. 
What  is  daily  before  our  eyes  seldom  excites  attention,  or  is 
deemed  deserving  of  much  notice ;  but  th^e  was  another  onuse 
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•which  long  prevented  the  phHoflopbers  of  Paris  from  observing 
the  remarkable  objects  arouod  them.  Captivated  with  the  gen- 
eralisatiQiiB  of  Werner,  who  it  was  firmly  believed  had  unlocked 
all  the  hidden  mysteries  of  Geology,  and  comprised  in  his  system 
all  the  diflfarent  formations  that  composed  the  crust  of  the  globe, 
they  saw  before  them  a  series  of  strata  which  had  no  agreement 
with  any  part  of  the  Wernerian  classification  ;  hence  they  could 
not  avoid  the  painful  persuasion,  eith«'  that  the  system  of  Wer- 
ner  was  iiioom|dete,  or  that  they  were  unable  to  apply  it  proper- 
ly. To  avoid  an  acknowledgment  so  little  satisfactory,  the  ge- 
ologists of  Paris  averted  their  attention  and  that  of  their  pupils 
from  nearer  objects,  and  directed  them  to  the  mountains  of  Ger- 
many or  Switzerland.  Had  not  another  science,  comparative 
anatomy,  come  to  the  aid  of  geology,  we  might  yet  have  remain- 
ed unacquainted  with  the  tertiary  strata  around  Paris.  At  length, 
the  number  of  skeletons  of  strange  and  unknown  animals  discov- 
ered in  some  of  the  strata,  forcibly  attracted  the  notice  of  that 
diatingnished  naturalist,  Cuvier,  and  it  was  resolved  to  investigate 
attentively  the  geology  of  the  whole  district.  M.  A.  Brongniart 
was  associated  with  Cuvier  in  the  investigation,  and  in  1811  the 
«esnlt  of  Iheir  labours  and  observations  was  given  in  a  work  enti- 
tled Essai  $ur  la  Geographie  Mineralogique  de$  Environs  de 
Porif,— ^e  most  luminous  and  interesting  exposition  of  local 
geology  ever  presented  to  the  world ;  and  from  this  period  we 
may  date  the  first  accurate  knowledge  of  the  tertiary  strata. 

The  following  extract  from  the  Essay  of  Messrs.  Cuvier  and 
Brongniart,  presents  a  general  view  of  the  arrangement  of  the 
strata  round  Paris. 

**The  country  in  which  the  capital  of  France  is  situated  is  per- 
hapa  the  most  remarkable  that  has  yet  been  observed,  both  from 
the  saoceaaion  of  different  soils  of  which  it  is  formed,  and  from 
the  extraordinary  organic  remains  which  it  contains.  MillicMiB 
tf  maiine  ahelb,  which  alternate  regularly  with  fresh-water  shells, 
Compoae.the  principal  mass.  Bones  of  land  animals,  of  which 
die  genera  are  entirely  unknown,  are  found  in  certain  parts ;  oth- 
er bones  remarkable  for  their  vast  size,  and  of  which  some  of 
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similar  genera  (qmdqmes  eomgemires)  exist  only  in  distant  coon- 
tries,  are  found  scattered  in  the  upper  beds.  A  marked  charec* 
ter  of  a  great  imiption  from  the  south-east  is  impressed  on  the 
summits,  (caps^)  and  in  the  direction  of  the  principal  hilb.  In 
one  word,  no  country  can  afford  more  instruction  respecting  the 
last  revolutions  which  have  terminated  the  formation  of  the  pre- 
sent continents.^ 

Though  chalk  is  the  foundation  rock  of  the  country  for  a  coo- 
siderable  extent  round  Paris,  it  rises  to  the  surface  only  in  a  few 
situations,  being  covered  by  the  other  strata  in  the  followiog  or- 
der, beginning  with  the  lowest  stratum  above  chalk. 

1.  Plastic  Clay  and  Lower  Sand. 

2.  Calcaire  g^rossier. 

3.  Calcaire  silicenx  and  Sandstone. 

4.  Gypseous  Marie. 
Gypsum  with  Bones. 
Upper  Gypseous  Marie. 

5.  Sandstone  and  Sand  without  Shells. 
Upper  Marine  Sandstone. 
Millstone  without  Shells. 

6.  Fresh-water  Limestone,  including  Marlesi  and  Millstone,  witk 

fresh- water  Shells. 

7.  Alluvial  Soil,  ancient  and  modern,  including  Pebbles,  Padding- 

stone,  Black  Earth,  (/ei  mamef  argUUuses  noiresj)  and  Peat 

The  total  thickness  of  the  different  beds  and  strata  over  the 
chalk,  as  given  in  an  ideal  section  of  the  country,  is  nearly  five 
hundred  feet. 

Each  of  the  above  divisions  in  the  tertiary  strata  in  the  Paiii 
basin,  admits  of  numerous  subdivisions ;  but  it  is  not  the  object 
of  the  present  volume  to  enter  into  the  minute  details  of  loctl 
geology,  but  to  present  a  view  of  the  principal  formations  tbtt 
occur  in  various  countries.  Many  of  the  beds  in  the  Paris  bano 
are  not  found  elsewhere,  and  therefore  cannot  be  taken  as  Q^ 
of  the  whole  class ;  and  the  lower  bed  called  the  plastic  clay,  ii 
but  very  imperfectly  developed  near  Paris.  In  attempting  to 
generalize  the  tertiary  formations,  a  difficulty  presents  itsdf,  if 
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we  are  to  dan  them  by  their  zoological  characters ;  for  some  of 
the  formations,  which  contain  exclusively  the  remains  of  marine 
animah  in  certain  situations,  contain  in  other  situations  river  or 
lake  iheDs,  with  wood  and  the  bones  of  land  animals.  It  is  there- 
tote  probable,  that  while  the  waters  in  one  lake  or  basin  might 
be  saline,  those  in  another  lake  might  be  fresh ;  and  two  cotem- 
poraneons  formations  may  hence  contain  very  different  organic 


remams. 
The  tertiary  formations  may  be  conveniently  divided  as  under: 

Tertiary  Formations, 
«    T  -^r    '      T%  A  (  Sometimes  intermixed  with  fresh- 

1.  Lower  Manne  Beds.      .      J        ^^^^  ^^ 

a  Argillaceous  and  Sandy  \ 

deposits,  Plastic  Clay,  \  Argilt  ei  Gres  tertiairet  d  lignites. 
Sand,  London  Clay,       y 

b  Lower  Marine  Limestone. — Calcaire  grosiier, 

av  i^i.'nr.ni        )  Sometimes  intermixed  with  Ma- 

3.  Lower  Fresh- Water  Beds.     > 

y  rine. 

a  Marie. 
h  dypsom. 
S.  Upper  Marine  Formation. 

a  Sand  and  Sandstone  without  Shells. 
h  Sandstone  with  Shells. 

4.  Upper  Fresh- Water  Formation. 

a  Limestone. 

h  Siliceous  Mill-Stone. 

The  plastic  clay,  and  London  clay,  with  the  various  associated 
beds  of  sand,  may  properly  be  regarded  as  one  formation,  of 
lAich  the  plastic  clay  is  the  lowest  member  resting  on  chalk. 
Near  Paris  this  is  a  very  thin  bed,  but  in  the  south  of  France  it 
aeqpnres  a  great  degree  of  thickness,  and  appears  to  comprise 
Am  opper  argillaceous  beds,  or  what  we  call  the  London  clay : 
kit  remarkable  for  the  vegetable  fossils  and  beds  of  lignite  which 
it  fiequently  but  not  invariably  contains.  In  England,  in  the 
lower  beds  of  this  formation,  there  are  found  beds  of  imperfect 
mod  coal ;  but  both  the  plastic  clay,  and  the  London  clay,  oon- 


\ 
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tain  sheila  and  other  remaiiM  of  marine  anmiab ;  whereas  oa  the 
Cootinent,  beskte  the  great  qvaotitiefl  of  foMil^  wood  and  wood 
coal  feimd  in  the  same  argillaceous  bede,  there  ave  miraeroos  re- 
BMins  of  fresh  water  shells,  which  render  their  title  to  be  denooH 
inated  marine  formations  more  than  doubtfol.  The  bede  of  sand 
are  sometimes  of  considerable  thickness.  9y  many  gcolegists  it 
is  maintained,  that  the  beds  of  soft  sandstone,  (called  jwelassej 
and  of  sandstone  conglomerate,  (called  nagelfue  in  Swilisp* 
land,)  belong  to  this  part  of  the  tertiary  formations.  That  some 
of  these  beds  may  be  tertiary  I  will  not  deny ;  but  I  am  fiilly  con- 
vinced, that  many  beds  of  molasse  in  Savoy  are  covered  by  the 
Jura  limestone  and  oolites,  having  repeatedly  seen  them  in  con- 
tact, and  got  specimens  from  each  bed  at  the  line  of  junction.* 

The  bones  of  horses,  with  the  tooth  of  an  elephant,  have  been 
found  in  a  bed  of  unctuous  clay  near  Margate ;  but  as  the  day  is 
superficial,  it  may  be  a  diluvial  formation. 


*  As  the  opinions  of  geologists  have  been  mach  divided  respecting  the 
•r  soft  sandstone  of  Switzerland  and  Savoy,  I  shall  here  insert  some  obeeiraliaBi 
upon  it,  given  in  the  first  volume  of  my  Travels  in  the  Tareataise.  I  moat  fini  i^ 
mark,  that  almost  all  the  sandstone  strata  in  these  oountriee  possess  newly  tbe  wmm 
character  of  minute  ang^ar  fragments  cemented  by  calcareous  earth ;  and  if  the 
term  molasse  be  applied  to  all  of  them,  molasse  is  of  very  diflbrent  tfss,  like  tht 
sandstone  in  the  English  strata.  In  the  chapter  on  the  destmctiee  of  rockii,  I  ahaJI 
advert  to  the  strata  of  molasse  again ;  they  have  hitherto  received  much  leas  atten> 
tion  than  their  magnitude  and  importance,  as  constituent  parts  of  the  outer  ranges  if 
the  Alps,  require. 

"  The  outer  calcareous  mountains  on  the  western  ride  of  Savoy,  all  rest  npos  m 
immense  formation  of  soft  sandstone,  (molasse,)  and  are  interstratified  with  it;  aal 
80  far  from  this  sandstone  being  more  recent  than  the  limestone,  (as  Sauanre  sop* 
posed,)  it  constitutes  a  conriderable  paK  of  the  bulk  of  these  mountaine,  that  m%  eril* 
•d  calcareous.  In  the  Valley  of  les  Echelles,  the  immediate  junetkm  of  tlie  llas- 
stoae  with  the  sandstone  may  be  seen  soon  after  entering  the  valley  from  die 
way.  This  vast  wall  of  limestone,  nearly  one  diousand  feet  In  thickneas,  reels 
a  mass  of  sandstone  of  unknown  depth :  there  is  very  little  dip  where  the  first  JuM- 
lion  is  seen,  but  about  a  mile  below,  you  meet  widi  the  limestone  again  in  hmBJwm 
Uon  with  the  sandstone,  and  thrown  into  a  vertical  position.  The  workmen  tfaitl 
met  with  near  the  mouth  of  the  gallery,  said  they  always  found  sandatnne  baloiv 
the  limestone,  and  they  considered  it  as  the  lowest  bed  In  the  country:  but  tiUf ki 
oMansly  a  mistake.    The  sandatone,  or  molaaw,  on  wUdi  tiM  llmiiaiilm  fai  Ikir 
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If  the  ludstoiie  with  lignite  at  Alpnach,  near  the  lake  of  Zu- 
rich, really  belong  to  this  tertiary  formation,  we  may  cite  it  as 
containing  the  teeth  and  bones  of  the  mastodon  and  other  mani- 
BBiferona  qnadrupeds,  at  the  depth  of  two  hundred  and  seventy 
feet 

But  we  have  yet  no  decisive  proof,  that  the  lignite  of  Alpnach 
does  not  belong  to  the  ooKtic  series,  as  the  beds  of  limestone 
over  it,  resemble  the  Jura  limestone :  should  this  ultimately  prove 
to  be  the  fiict,  we  should  have  another  instance,  like  that  of 
StonesfieM,  of  the  bones  of  mammiferous  animals  occurring  in 
strata  below  chalk.* 

In  France  near  d^Auteuil  and  south  of  the  Dordogne,  accord- 
ing to  Humboldt,  bones  of  vertebrated  land  animals  are  found  in 
a  formation  resting  on  chalk,  analogous  to  the  plastic  clay.  Ba- 
iwi  Ciivier  aajrs,  however,  that  he  has  not  discovered  the  bones 
of  land  quadrupeds  in  any  strata  below  the  calcaire  grassier 
whieh  covers  the  plastic  clay.    But  neither  the  plastic  clay  nor 


p«t  of  Snpoy  npowi,  or  which  b  fubordinate  to  the  Hmefltone,  is  composed  of  small- 
Ub  gniiM  of  qurCi  or  chlorite,  pretty  eqaally  mixed.  In  the  sandstoDe  of  les  Echel- 
loi»  wfeick  I  got  from  Iti  junclioo  with  the  limegtooe,  there  were  some  particles  of 
of  raw  qmte  aad  ales.  It  scratched  i^lass  strongly  when  nibbed  upon  it ;  but 
vhoa  fuC  ialo  a  dilute  muriatic  acid,  it  eflenreseed  violently,  and  became  friable, 
to  tho  oolutioo  of  the  calcareous  cement  by  which  it  appears,  from  this  expe- 
to  be  agghitlnated.  The  molasse,  which  is  interstratified  with  limestone 
with  eoal  oo  the  lake  of  Annecy,  also  eflervosced ;  bat  the  particles 
ir,  it  appeared  nearly  homogeneous  when  examined  without  a  lens.  It 
roeently  stated,  that  the  molasse  of  the  Alps  belongs  to  the  same  (brmatioa 
Mtiio  omdotooo  above  chalk  near  Paris.  There  may  be  sandstone  of  that  formation 
Is  Ae  ctBiDD  of  Berne ;  but  the  molasse  or  sandstone  in  this  part  of  Savoy,  I  am 
writ  cBBfinjBed,  is  a  member  of  formations  that  are  lower  than  chalk.  It  Is  pooilble, 
hgwvo»»  tiiat  beds  of  tliis  molasse  may  have  been  worn  down  during  the  great  de- 
■tmctloB  of  Iho  strata,  that  has  evidently  taken  place  since  they  were  deposited,  and 
fiom  tlie  debris  of  this  sandstone,  upper  beds  may  have  been  formed  covering  strata 
Afll  m  aliQifO  ehalk.  The  molasse  which  covers  the  bones  and  teeth  of  the  masCo- 
db  snd  othor  Isiye  mammilia  near  Alpnach,  nearly  resembles  that  in  this  part  of 
ftmf ;  but  eio  particles  are  smaller,  and  more  intimately  mixed.'* — P.  176. 

*  fljpodmeiM  of  the  strata  above  the  coal  of  Alpnach  were  presented  me  by  Pn^ 
MdMier  of  Berne,  and  are  described  in  the  2d  volume  of  my  Travels,  p.  167. 

29 
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the  gypsum  beds  of  Paris,  can  be  taken  as  types  of  the  terfiarf 
strata  in  other  countries. 

The  London  clay  is  placed  over  the  plastic  clay  and  sand,  and 
is  in  fact  an  upper  member  of  the  great  arenaceous  and  argilla- 
ceous formation,  that  covers  chalk.  Some  geologists  attempt  to 
identify  the  London  clay  with  the  beds  of  calcaire  grossier,  and 
of  gypsum,  in  the  Paris  basin,  but  their  mineral  characters  are 
essentially  different.  The  London  clay  is  composed  of  dark  Uue 
or  brown  argillaceous  beds,  suitable  for  brick  earth;  and  the 
small  quantity  of  calcareous  earth  or  of  selenite  that  sonoietimet 
occurs  in  it,  no  more  identifies  it  with  the  light  limestone  strata 
of  the  calcaire  grossier,  or  the  thick  beds  of  gypsum  in  the  Paris 
basin,  than  the  wooden  doors  with  iron  nails  of  St.  Paulas  cathe- 
dral, would  identify  the  stone  of  that  building,  with  the  wood  in 
the  shipping  in  the  Thames.  By  attempting  to  unite  things  ea- 
sentially  different,  in  order  to  force  an  agreement  with  artificial 
classifications,  we  mystify  what  is  clear  and  simple,  and  retard 
the  progress  of  knowledge. 

The  uppermost  bed  of  the  London  clay  is  of  a  reddish  brown 
colour,  and  is  more  arenaceous  than  the  lower  beds ;  the  colour 
of  the  lower  beds  varies  from  a  bluish  lead  colour,  to  a  blackish 
brown ;  they  are  often  considerably  indurated,  and  have  some- 
what of  a  slaty  structure.  The  thickness  of  the  London  clay  va- 
ries fi'om  one  hundred  to  four  hundred  feet  or  more ;  this  variaUe 
thickness  is  occasioned  by  the  upper  beds  which  form  the  surface 
of  the  land  in  the  Vale  of  Thames,  having  been  more  excavated 
in  some  parts  than  in  others. 

As  the  London  clay  and  plastic  clay  and  sand,  taken  togethei^ 
equal  or  exceed  in  thickness  the  beds  of  plastic  clay,  calcaire 
grossier,  and  gypsum  in  the  Paris  basin,  the  London  clay  may 
properly  be  regarded  not  as  identical  with  the  calcaire  grossier 
and  gypsum,  but  as  their  geological  equivalent.  While  the  beds 
of  limestone  and  gypsum  were  depositing  in  the  Paris  bamn,  the 
London  clay  might  be  deposited  in  the  London  basin ;  and  this 
may  explain  why  many  species  of  marine  shells  in  the  London 
clay,  are  similar  to  those  found  in  the  calcaire  grossier :  but  we 
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HO  where  ducover  the  astonishing  variety  of  species,  that  occur 
in  some  of  the  strata  of  the  calcaire  grossier ;  nor  have  any  bones 
of  land  qoadnipeds^  similar  to  those  in  the  Paris  basin,  been 
Ibund  in  the  London  clay.  The  two  sides  of  the  trough  or  basin 
in  which  the  London  clay  and  plastic  clay  were  deposited,  are 
formed  on  the  north,  by  the  range  of  chalk  hills  in  Hertfordshire 
and  the  adjacent  counties,  and  on  the  south,  by  the  range  of 
chalk  hilb  in  Surrey  and  Kent. 

The  relative  geological  position  of  the  chalk,  the  plastic  clay 
and  sand,  immediately  upon  it,  and  the  upper  bed  of  London 
clay  covering  the  Vale  of  Thames,  is  represented  in  a  small  sec- 
tion at  the  bottom  of  the  Map  of  England.  Plate  5.  In  some 
parts  of  the  Vale  of  Thames,  as  at  Hampstead  north  of  London, 
and  near  Cobham  in  Surrey,  the  London  clay  rises  into  hills 
three  hundred  feet  above  the  Vale  of  Thames,  and  is  capped  by 
a  bed  of  sand,  which  has  received  the  name  of  the  upper  ma- 
rine sand.  a.  a.  chalk,  6. 6.  plastic  clay,  c.  c.  London  clay,  d.  d. 
marine  sandstone.  From  this  small  section,  the  geological  stu- 
dent may  form  some  idea  of  the  devastating  effects  of  mighty 
inundations,  which  have  swept  over  the  surface  of  the  globe,  and 
carried  away  considerable  portions  of  the  upper  beds.  The 
marine  sandstone  d,  d.  which  forms  isolated  caps  on  several  of 
the  hills  in  the  Vale  of  Thames,  was  doubtless  part  of  one  con- 
tinuoos  bed  which  has  been  excavated  with  a  portion  of  the  sub- 
jacent London  clay;  such  excavations  and  denudations,  are 
common  phenomena  in  almost  every  country. 

Balls  of  imperfect  ironstone,  (called  septaria^)  of  which  Par- 
ker^B  cement  is  made,  are  common  in  some  parts  of  the  London 
day ;  branches  and  stems  of  trees,  penetratpd  by  the  Teredo  na- 
aoKs,  are  found  in  it,  and  a  species  of  resin,  to  which  the  name 
of  reimasphdltum  was  given  by  Mr.  Ilatchett.  Remains  of  tur- 
fles  and  crocodiles  have  been  dug  out  of  this  clay  at  Highgate 
■ncMslington.  The  teeth  and  tusks  of  elephants  have  been  dis- 
covered in  many  situations,  in  what  is  supposed  to  have  been 
'  London  clay,  but  which  may  have  been  a  covering  of  diluvial 
day,  for  the  patches  of  diluvial  gravel  that  are  spread  over  many 
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but  it  is  n6t  oolitic.    The  strata  of  limestone  alternate  with  ar- 
gillaceous marie  and  shale,  and  with  calcareous  marie. 

The  lowest  bed  of  ccdcaire  groggier  is  soft,  and  much  inter- 
mixed with  green  particles  and  sand ;  it  contains  a  great  num- 
ber of  the  fossils,  called  nummulites,  on  account  of  their  being 
flat  and  round,  and  resembling  in  shape  a  small  coin.  The  shelb 
in  this  bed  are  in  high  preservation.  In  the  beds  immediately 
above,  called  the  middle  beds,  there  are  a  prodigious  number  of 
marine  shells,  and  also  the  stems  and  impressions  of  leaves  of 
plants,  that  are  not  marine.  In  the  lowest  and  middle  beds  of 
the  calcaire  grassier^  no  less  than  six  hundred  different  species 
of  shells  are  found. 

In  the  upper  part  of  the  calcaire  grassier^  the  strata  are  sev- 
eral feet  thick,  and  yield  a  hard  coarse  grained  and  durable  lime- 
stone ;  it  is  from  these  strata  that  the  best  building-stone  it  pro- 
cured. It  is  often  nearly  filled  with  shells  of  the  genus  cerithiwm^ 
and  has  hence  been  sometimes  called  calcaire  a  cerites. 

Between  the  strata  of  building-stone  there  often  occur  thin 
strata  of  flint  or  chert ;  in  some  parts  these  siliceous  strata  en- 
large into  thick  beds  of  chert  {silex  come)  or  into  beds  of  sand- 
stone containing  marine  shells ;  in  the  beds  of  this  sandstone  at 
Picrrelaie,  freshwater  shells  have  been  discovered,  mixed  with 
numerous  marine  shells.  The  total  thickness  of  the  beds  of  co7- 
caire  groissier  near  Paris,  is  about  ninety  feet. 

No  beds  of  limestone  resembling  the  calcaire  grassier  of  Paris, 
are  found  in  the  tertiary  strata  of  England.  The  calcaire  groi- 
gier  in  the  departments  of  La  Dordognc  and  La  Gironde  and 
other  parts  of  France,  presents  a  considerable  difference  from 
that  in  the  Paris  basin.  In  Hungary,  extensive  strata  of  tlie  cal- 
caire grassier  have  been  described  by  M.  Beudant ;  they  are  m 
every  respect  analogous  to  the  strata  in  the  Paris  basin,  both  in 
their  mineral  and  zoological  characters.  The  lower  beds  also 
are  intermixed  with  shelly  sand,  and  green  particles,  which  bear 
a  close  resemblance  to  the  shelly  depositions  in  the  plain  of  Lorn- 
bardy.  M.  Humboldt  thinks  he  discovered  a  formation  similar 
to  the  calcaire  grassier  in  some  parts  of  South  America. 
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but  it  is  n6t  oolitic.    Tho  strata  of  limestone  alternate  with  ar« 
gillaceous  marie  and  shale,  and  with  calcareous  marie. 

The  lowest  bed  of  calcaire  grossier  is  soft,  and  much  inter- 
mixed with  green  particles  and  sand ;  it  contains  a  great  num- 
ber of  the  fossils,  called  nummulites,  on  account  of  their  being 
flat  and  round,  and  resembling  in  shape  a  small  coin.  The  shells 
in  this  bed  are  in  high  preservation.  In  the  beds  immediately 
above,  called  the  middle  beds,  there  are  a  prodigious  number  of 
marine  shells,  and  also  the  stems  and  impressions  of  leaves  of 
plants,  that  are  not  marine.  In  the  lowest  and  middle  beds  of 
the  calcaire  groggier^  no  less  than  six  hundred  different  species 
of  shells  are  found. 

In  the  upper  part  of  the  calcaire  groggier^  the  strata  are  sev- 
eral feet  thick,  and  yield  a  hard  coarse  grained  and  durable  lime- 
stone ;  it  is  from  these  strata  that  the  best  building-stone  it  pro- 
cured. It  is  often  nearly  filled  with  shells  of  the  genus  certlAnm, 
and  has  hence  been  sometimes  called  calcaire  a  ceriteg. 

Between  the  strata  of  building-stone  there  often  occur  thin 
strata  of  flint  or  chert ;  in  some  parts  these  siliceous  strata  en- 
large into  thick  beds  of  chert  {gilex  comi)  or  into  beds  of  sand- 
stone containing  marine  shells ;  in  the  beds  of  this  sandstone  at 
Pierrelaie,  freshwater  shells  have  been  discovered,  mixed  with 
numerous  marine  shells.  The  total  thickness  of  the  beds  of  coZ- 
caire  groiggier  near  Paris,  is  about  ninety  feet. 

No  beds  of  limestone  resembling  the  calcaire  groggier  of  Paris, 
are  found  in  the  tertiary  strata  of  England.  The  calcaire  grog- 
gier in  the  departments  of  La  Dordogne  and  La  Gironde  and 
other  parts  of  France,  presents  a  considerable  difference  from 
that  in  the  Paris  basin.  In  Hungary,  extensive  strata  of  the  €01- 
caire  groggier  have  been  described  by  M.  Beudant ;  they  are  in 
every  respect  analogous  to  the  strata  in  the  Paris  basin,  both  in 
their  mineral  and  zoological  characters.  The  lower  beds  also 
are  intermixed  with  shelly  sand,  and  green  particles,  which  bear 
a  close  resemblance  to  the  shelly  depositions  in  the  plain  of  Lom- 
bardy.  M.  Humboldt  thinks  he  discovered  a  formation  similar 
%6  the  calcaire  groggier  in  some  parts  of  South  America. 
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mUceux  u  composed  of  limestone,  sometimes  gray 
and  compact,  and  sometimes  tender  and  white :  it  is  penetrated 
by  silei  in  every  direction,  and  in  all  its  parts ;  according  to  M. 
Brongniart,  the  adcairc  siliceux  occupies  the  place  of  the  cal- 
caire  grouier  ;  others  regard  it  as  an  upper  formation.  Some 
of  the  beds  of  the  caJcaire  siliceux  furnish  mill-stones,  and  con- 
tain river  shells.  In  this  bed,  the  siliciate  of  magnesia  was  dis* 
covered  by  M.  Brongniarf.  The  siliceous  infiltrations  sometimes 
forms  plates  of  chalcedony  and  mammillated  concretions  of 
chalcedonic  chert,  coloured  red,  violet,  and  brown. 

Gypseous  Marie  and  Gypsum. — ^This  remarkable  formation 
occurs  in  detached  hills  along  the  course  of  the  rivers  Marne  and 
the  Seine ;  it  is  supposed  to  have  originally  extended  as  one  con- 
tinuous bed  from  east  to  west,  twenty-five  leagues  in  length  and 
eight  in  breadth ;  its  greatest  thickness  is  about  two  hundred  feet. 

The  gypsum  formation  consists  of  alternating  beds  of  gypsum 
and  argillaceous  and  calcareous  marie,  which  are  regularly  ar- 
ranged, and  preserve  the  same  order  of  succession  wherever  they 
have  been  examined.  The  gypsum  forms  three  distinct  masses. 
The  lowest  consists  of  thin  strata  of  gypsum  containing  crystals 
of  telenite,  which  alternate  with  strata  of  solid  calcareous  marie, 
and  with  argillaceous  shale.  The  middle  is  like  the  lowest  mass, 
except  that  the  strata  of  gypsum  are  thicker,  and  the  beds  of 
marie  are  not  so  numerous ;  it  is  chiefly  in  this  mass  that  fossil 
fish  are  found.  The  uppermost  mass  is  the  most  remarkable  and 
important  of  all,  it  is  in  some  parts  more  than  seventy  feet  thick; 
there  are  but  few  t>eds  of  marlc  in  it ;  the  lower  strata  in  this 
mail  have  a  prismatic  or  columnar  structure :  the  gypsum  is  pure 
and  finely  granular ;  it  has  a  light  yellowish  brown  colour,  which 
might  perhaps  more  properly  be  called  a  dirty  white.  In  this 
upper  mass  of  gypsum  the  skeletons  and  scattered  bones  of  birds 
and  unknown  quadrupeds  are  discovered ;  sometimes  they  are 
fi>und  in  the  solid  gypsum,  and  sometimes  in  the  marie  that  sep- 
arates the  beds.  Remains  of  turtles  and  crocodiles  have  also 
been  found  in  the  same  strata.  It  is  to  the  indefatigable  and  en- 
lightened labours  of  Baron  Cuvier  that  we  are  indebted  for  a 
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knowledge  of  the  different  genera  of  remarkable  land  quadrU' 
peds,  belonging  to  a  former  world,  found  in  the  gypsiun  qoanies; 
they  differ  from  any  genera  of  living  animals.  These  land  quad- 
rupeds were  herbivorous,  they  belong  to  the  order  which  Cuvier 
has  denominated  Pachydermata  or  thiok-skinned  noa-mmtnant 
animals.  One  of  the  genera  called  PaUBotherium  (or  ancienl 
animal,)  appears  to  bear  some  relation  to  the  rhinoceros,  the  hip* 
popotamus,  and  horse,  and  in  some  respects  to  the  pig  and  the 
camel. 

Of  this  genus  there  are  eleven  or  twelve  species ;  five  of  tbean 
have  been  found  in  the  Paris  gypsum.  The  largest  was  of  the 
size  of  a  horse,  but  its  form  was  heavy,  and  its  legs  thick  and 
short ;  its  grinders  resemble  those  of  the  rhinoceros,  and  the  da- 
man ;*  it  had  six  incisive,  and  two  canine  teeth  like  the  tapir, 
and  like  that  animal,  had  a  short  fleshy  trunk :  it  had  three  toea 
on  each  foot,  and  is  supposed  to  have  inhabited  marshy  ground, 
and  to  have  lived  on  the  roots  and  stems  of  succulent  mardi 
plants.  One  of  the  species,  however,  possessed  the  sise  and  the 
light  figure  of  the  antelope,  and  is  supposed  to  have  browsed  ob 
aromatic  plants,  or  the  buds  of  young  trees  in  dry  situationa,  lika 
other  light  herbivorous  animals.  Probably,  says  Cuvier,  it  was  a 
timid  animal  with  large  moveable  ears  like  those  of  the  deer, 
which  could  apprise  it  of  the  least  danger :  doubtless  its  skin  was 
covered  with  short  hair ;  and  we  only  want  to  know  its  cdour,  ia 
order  to  paint  it  as  it  formerly  lived  in  the  country,  where,  after 
so  many  ages,  its  bones  have  been  dug  up. 

One  species  of  i\iQ  pal{Botherium  was  not  larger  than  a  hare. 

The  Anaplotherium^  or  animal  without  defensive  teeth,  baa  bees 
found  only  in  the  gypsum  quarries  near  Paris.  It  has  two  verjr 
distinctive  characters :  the  feet  have  only  two  toes,  which  are 
separated  the  whole  length  of  the  foot ;  the  teeth,  of  which  there 
are  six  incisive  in  each  jaw,  a  canine  tooth  of  the  same  height, 
and  six  molares  or  grinders,  all  form  a  continued  series  without 
any  interval,  which  is  the  case  with  no  other  known  quadruped. 

*  Ad  Afrioao  quadruped,  tiie  aize  of  a  rabbit,  but  cloMly  rwembling  Ike  rfalnoeenM*. 
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The  most  common  species  is  of  the  height  of  a  boar,  but  much 
longer.  There  are  remains  of  other  animals,  in  the  same  quar- 
ries, allied  to  the  anopiotherium,  but  which  differ  in  the  form  of 
their  teeth.  The  bones  of  six  species  of  birds  have  been  discov- 
ered in  these  quarries,  and  also  the  remains  of  a  few  carnivorous 
animals  allied  to  the  dog  and  the  weasel.  It  is  remarkable,  that 
in  the  middle  of  the  gypsum  formation,  and  throughout  the  great- 
er part  of  it,  we  find  the  remains  of  land  animals  and  of  fresh- 
water fish  and  shells ;  but  near  its  upper  and  lower  limits,  both 
in  the  gypsum  and  the  marie,  the  fossils  are  those  of  marine  ani- 
mals. A  bed  of  green  marie,  which  may  be  very  distinctly  tra- 
ced near  the  termination  of  the  upper  mass  of  gypsum,  separ- 
ates the  fi'eshwater  from  the  sea  shells ;  and  in  the  lower  part  of 
the  gypsum  formation,  marine  shells  arc  found  in  the  gypsum 
itself. 

It  may  be  useful  to  those  strangers  who  visit  Montmartre  for 
the  first  time,  to  state,  that  this  thin  green  bed,  which  can  be 
distinctly  seen  and  traced,  may  serve  them  as  a  key  to  the  g<!olo- 
gy  of  the  place ;  as  it  separates  all  the  lower  marine  and  fresh- 
water formations  from  the  upper. 

The  gypsum  of  the  Paris  basin  was  probably  deposited  in  an 
extensive  lake,  on  the  borders  of  which  the  land  animals,  whose 
remains  are  discovered  in  it,  flourished  and  perished.  Some  of 
tbem  appear  to  be  formed  for  swimming  or  living  much  in  the 
water,  like  the  otter  or  water-rat.  Whether  the  water  in  this  lake 
was  salt  or  fresh  is  by  no  means  certain,  though  M.  Brongniart 
thinks  that  a  single  freshwater  shell  found  in  the  gypsum  would 
decide  the  question :  but  this  opinion,  however  high  the  authori- 
ty of  bo  distinguished  a  naturalist  and  geologist  may  be,  cannot  I 
boiiceive  be  maintained  ;  for  in  some  of  the  beds,  we  meet  with 
a  mixture  of  marine  and  freshwater  shells, — and  in  this  case  who 
riiail  determine,  whether  such  beds  are  of  marine  or  freshwater 
origin  ?  The  intermixture  of  shells  clearly  shows,  that  they  have 
been  transported  from  their  native  situations,  or  that  marine  and 
fireshwater  moluscse  may  Uve  in  the  same  estuary  or  lake,  if  the 
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water  be  brackish,  which  is  confirmed  by  recent  observatioiit  udl 
experiments. 

The  fossil  bones  found  in  the  gypsum  quarries  oear  Paris,  are 
light  and  porous,  and  appear  to  have  been  scarcely  penetrated  Iqr 
gypsum :  this  is  very  remarkable ;  for  if  we  suppose  the  gypfum 
to  have  been  held  in  solution  by  water,  like  the  sulphate  of  lime 
in  recent  springs,  it  seems  extraordinary  that  it  should  not  have 
penetrated  into  the  pores  of  the  bones.  I  am  not  aware  that  the 
circumstance  has  before  been  noticed  by  geologists,  but  I  think 
the  state  of  the  bones  proves,  that  they  were  rapidly  enveloped 
by  gypsum,  before  the  animal  matter  in  the  pofres  was  decompc^ 
sed,  and  also  that  the  gypsum  was  speedily  consolidated.  The 
same  observation  would  apply  to  the  bones  of  land  animab  I 
ibund  in  the  freshwater  limestone,  under  the  volcanic  moontuo 
of  Gergovia  in  Auvergne ;  the  state  of  these  bones  was  simUejr  to 
that  of  those  in  the  Paris  gypsum. 

Barou  Cuvier  was  the  first  naturalist  who  applied  the  knoiri* 
edge  of  comparative  anatomy,  to  ascertain  the  forms  of  verte* 
brated  fossil  animals.    The  publication  of  his  Recherche$  swr  U$ 
Ossemens  Fossiles^  may  be  regarded  as  an  epoch  in  gedogj: 
since  that  time  many  other  important  discoveries  respecting  fos- 
sil quadrupeds  have  been  made.    It  will  not  therefore  be  deemed 
irrelevant  to  our  subject,  to  insert  the  very  interesting  account  he 
has  given  of  his  own  feelings,  when  he  first  became  able  to  ar- 
range the  bones  of  each  genus  and  species  of  unknown  animalsi 
ibund  in  the  gypsum  quarries  near  Paris.    ^^  WJien  the  sight  of 
some  bones  of  the  bear  and  the  elephant,  twelve  years  ago  in- 
spired me  with  the  idea  of  applying  the  general  laws  of  GO^lpa^ 
ative  anatomy,  to  the  reconstruction  and  the  discovery  of  Cosd 
species ;  when  I  began  to  perceive  that  these  species  were  not 
perfectly  represented  by  those  of  our  day  which  resembled  tbem 
the  most ; — I  did  not  suspect,  that  I  was  every  day  treading  upon 
a  soil,  filled  with  remains  more  extraordinary  than  any  that  I  h^i 
yet  seen ;  nor  that  I  was  destined  to  bring  to  light  whole  genera 
of  animals,  unknown  to  the  present  world,  and  bnried  for  iBce)- 
culable  ages  at  vast  depths  under  the  earth.    It  was  to  Mr.  Veu- 


Tin  thAt  I  owe  the  first  indications  of  these  bones  furnished  bj 
our  qaarries :  some  fragments  which  he  brought  me  one  day, 
having  struck  me  with  astonishment,  I  made  inquiries  respecting 
the  penons  to  whom  this  industrious  collector  had  sent  any  form- 
erly: what  I  saw  in  these  collections,  served  to  excite  my  hopes 
and  increase  my  curiosity.  Causing  search  to  be  made  at  that 
time  Cm*  sach  bones  in  all  the  quarries,  and  oflering  rewards  to 
arouse  the  attention  of  the  workmen,  I  collected  a  greater  num- 
ber than  any  person  who  had  preceded  me.  After  some  years  I 
was  snfliciently  rich  in  materials  to  have  nothing  further  to  desire ; 
bat  it  waa  otherwise  with  respect  to  their  arrangement  and  the 
construction  of  the  skeletons,  which  alone  could  conduct  me  to 
a  just  knowledge  of  the  species.  From  the  first  moment  I  per- 
ceived, that  there  were  many  different  species  in  our  quarries ; 
and  soon  afterwards,  that  they  belonged  to  various  genera,  and 
that  the  species  of  the  different  genera  were  often  of  the  same 
flie ;  so  that  the  size  alone,  rather  confused,  than  assisted  my  ar- 
rangement I  was  in  the  situation  of  a  man  who  had  given  to 
turn  ffU-mOe  the  mutilated  and  incomplete  fragments  of  a  hun- 
dred skeletons,  belonging  to  twenty  sorts  of  animals,  and  it  was 
required  that  each  bone  should  be  joined  to  that  which  it  belong- 
ed ta  It  was  a  resurrection  in  miniature ;  but  the  immutable 
laws  prescribed  to  living  beings  were  my  directors.*     At  the  voice 


*  la  tibe  Allowing  ptsta^  Cuvier  has  more  fully  explained  what  he  denominates 
**  Am  Immutible  laws  prescribed  to  liviny^  beings."  "  Every  organized  being  forms 
a  whole  and  entire  system,  of  which  all  the  parts  mutually  correspond  and  co-ope- 
nle»  to  produce  the  same  definite  action,  by  a  reciprocal  reaction ;  none  of  these 
cin  change,  without  a  change  of  the  otiiers  also.  Tlius  if  the  intestines  of  an 
are  eif^aniied  in  a  manner  only  to  digest  fresh  flesh,  it  is  necessary  that  his 
aheoU  be  constnicted  to  devour  the  prey,  his  claws  to  seize  and  tear  it,  his 
te  diTide  the  flesh,  and  the  whole  system  of  his  organs  of  motion  to  follow  and 
«viBrlaiEe  it,  and  of  his  er|^s  of  sense,  to  perceive  it  at  a  distance.  1 1  is  necessary  also 
ftnt  he  should  have  seated  in  his  brain,  the  instinct  to  hide  himself  and  spread  snares 
fer  fab  vlclim ;  such  are  the  general  conditions  of  a  carnivorous  regimen ;  every 
cwahporaos  taimal  must  infallibly  unite  them, — witliout  them  the  species  oouM  not 
oabsiit  But  under  these  general  conditions,  there  are  particular  ones  with  reject 
to  the  rise  of  die  species  and  the  abode  of  the  prey,  for  which  each  animal  is  dis- 
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of  comparative  anatomy,  each  bone,  each  fragment  regained  itf 
place.  I  have  no  expressions  to  describe  the  pleasure  experien- 
ced, in  perceiving  that  as  I  discovered  one  character,  all  the  con- 
sequences more  or  less  foreseen  of  this  character,  were  success- 
ively developed.  The  feet  were  conformable  to  what  the  teeth 
had  announced,  and  the  teeth  to  the  feet ;  the  bones  of  the  legi 
and  the  thighs,  and  every  thing  that  ought  to  reunite  these  two 
extreme  parts,  were  conformable  to  each  other.  In  one  wprd, 
each  of  the  species  sprung  up  from  one  of  its  elements.  Those 
who  will  have  the  patience  to  follow  me  in  these  memoirs,  maj 
form  some  idea  of  the  sensations  which  I  experienced,  in  thus 
restoring  by  degrees,  these  ancient  monuments  of  mighty  revela- 
tions. This  volume  will  afford  much  interest  to  naturalists,  inde- 
pendent of  geology,  showing  them  by  multiplied  examples,  the 
strictness  of  the  laws  of  co-existence,  which  elevate  zoology  to 
the  rank  of  the  rational  sciences  ;  and  which,  leading  us  to  aban- 
don the  vain  and  arbitrary  combinations  that  had  been  decorated 
with  the  name  of  systems^  will  conduct  us  at  last  to  the  only  study 
worthy  of  our  age — to  that  of  the  natural  and  necessary  ra- 
tions, which  connect  together  the  different  parts  of  all  organised 
bodies.  But  geology  will  lose  nothing,  by  this  accessory  applica* 
tion  of  the  facts  contained  in  this  volume ;  and  thus  the  numer- 
ous families  of  unknown  beings,  buried  in  the  most  frequented 
part  of  Europe,  offer  a  vast  field  for  meditation.*^ 

Upper  Marine  Sandstone  and  Sand. — At  Paris  this  formation 
covers  the  gypsum,  or  where  that  is  wanting,  it  rests  on  the  ai' 
caire  grossier.  In  England  it  forms  a  few  isolated  caps  on  the 
summit  of  the  hills  in  the  Vale  of  Thames,  and  an  extensive 
track  along  the  coast  of  Suffolk  and  Norfolk,  where  it  rests  some- 
times on  plastic  clay,  and  sometimes  on  chalk;  the  intervening 
bods  being  wanting.  The  lowest  bed  is  without  shells ;  it  con- 
sists  almost  entirely  of  siliceous  particles,  which  are  sometimes 
agglutinated,  and  form  sandstone.  The  loose  blocks  of  stone, 
(called  s:rat/  wethers^)  scattered  over  some  of  the  southern  coun- 
ties, arc  of  this  sandstone,  as  are  also  some  of  the  large  stones  at 
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Stonehenge.*  At  the  forest  of  Fontaineblcau  in  France,  the 
thickneM  of  this  sand  and  sandstone,  exceeds  one  hundred  and 
seventy  feet ;  the  sandstone  occurs  in  loose  blocks  and  irregular 
masses,  and  sometimes  is  distinctly  stratified.  It  is  this  stone, 
which  is  used  for  paving  the  streets  and  roads  in  and  round  Paris; 
and  the  sand  is  so  pure  in  many  parts  of  this  forest,  that  it  is  cm- 
ployed  in  making  the  finest  glass.  The  marine  sand  on  the  top 
of  Hampstead  Heath,  is  now  nearly  cleared  away  to  supply  the 
metropolis ;  it  is  composed  of  minute  particles  of  quartz,  some- 
limes  coloured  with  the  oxide  of  iron  :  the  particles  when  exam- 
ined with  a  microscope,  appear  to  be  partly  rounded  ;  a  few  mi- 
croscopic scales  of  brillant  mica  are  sometimes  intermixed  with 
it  The  lower  bed  of  marine  sandstone  at  Paris  is  without  shells, 
but  the  upper  bed  contains  numerous  marine  shells,  many  of 
which  resemble  those  in  our  present  seas.  The  vast  tertiary  track 
in  Italybelow  the  Apennines,  that  contains  the  remains  of  cota- 
ceoos  animalSft  and  extends  from  Asti  in  Piedmont,  to  Monte- 
leone  in  Calabria,  and  which  has  been  so  well  described  by  M. 
Brocchi,  according  to  M.  Brongniart,  belongs  in  a  great  part  to 
this  fbnDatioD,  similar  to  what  oovers  the  gypsum  at  Paris. 

Id  no  part  of  England  does  there  occur  any  extensive  bed  of 
Ifae  upper  marine  sandstone  with  shells,  (provincially  called  crag;) 
except  in  the  counties  of  Norfolk,  Suffolk,  and  Essex,  it  is  of  va- 
riable thickness,  and  is  principally  composed  of  sand  and  loose 
ferruginous  sandstone,  containing  shells  and  bones,  and  mixed 
with  gravel.  In  a  valuable  paper  on  the  Geology  of  East  Nor- 
folk, by  Mr.  R.  C.  Taylor,  "published  in  the  Philosophical  Maga- 

*  In  all  probability  Uie  ancient  Britons  took  advantage  of  finding  a  groupe  of  large 
Uocfcs  of  grayirethere  and  other  diluvial  stones,  and  arranged  them  near  the  placet 
wbcra  tliey  lay  upon  the  plain.  At  Rrimah  Craggs  near  Knaresborough  in  York- 
IJUre,  they  have  evidently  availed  themselves  of  the  masses  of  a  broken  stratum  of 
wmbtone,  to  form  rocking-stones  and  various  fantastic  figures,  which  were  probably 
Ihe  objecti  of  aupentitious  veneration. 

t  Cetaceous  animals,  of  the  whale  family, — such  as  dolphins,  seals,  the  manati  or 
■ea-oow,  fcc. — arc  warm-blooded  inainmiferous  animals,  and  therefore  belong  to  a 
Idgher  claiw  than  reptiles.  Their  bones  have  not  hitherto,  I  believe,  been  found  in 
dulk  or  the  lower  itrata. 
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zine  and  Annab  of  Phiiosophr,  April  1837,  and  the  fbllowiiig 
numbers,  there  is  an  interesting  accooot  of  tbe  geological  poih 
tion  of  the  crag  near  the  coast,  with  explanatory  aecliona.  **Tlie 
crag  rests  in  part  npon  the  London  clay,  and  a  laminated  clay 
without  fossils,  and  partly  upon  chalk,  occupying  the  lowest  sites; 
rarely  rising  to  eighty  feet  above  the  present  level  of  the  sea; 
and  in  general  not  more  than  half  that  elevation.  The  average 
level  of  its  base  may  be  consiiicred  to  be  about  that  of  tbe  pre^ 
ent  ocean.  In  certain  cases,  where  the  chalk  hills  attain  a  high- 
er level  than  the  crag,  that  deposit  could  only  be  expected  to  en* 
velop  or  surround  their  sides,  and  not  to  penetrate  into  the  chalk: 
such  eminences  would  then  present  the  appearance  of  tongaei 
or  promontories  of  chalk,  protruding  into  the  crag ;  and  this  cir- 
cumstance accounts  for  the  occasionally  apparent  absence  of 
that  formation.  But  the  crag  has  been  subjected  to  abrasion  by 
diluvial  currents.  Portions  of  its  western  edges  have  been  swept 
away.  Their  fragments,  mingled  with  those  of  chalk  and  preee^ 
ding  formations,  piled  in  enormoos  heaps,  form  tbe  cliffs  of  Cro* 
mer  and  Trimingham,  two  hundred  and  fifty  or  three  hundred  feel 
in  thickness,  upon  the  original  crag,  wjiigh  rests  in  tkm  at  thdr 
base.^^ — No.  4,  (New  Series,)  p.  288.  The  ^hg  is  in  many  parti 
covered  by  a  thick  mass  of  diluvium,  which  prevents  its  extensiea 
far  inland  from  being  observed ;  but  the  most  remarkable  €i^ 
cumstance  noticed  by  Mr.  Taylor,  is  the  connection  which  smm 
to  subsist  between  the  upper  surface  of  the  crag,  and  an  ^  appa* 
rently  ^oatimious  bed  of  vegetable  substances,  with  which  the 
crag  is  frsuven^  iirjcq|itact,*at  ai^irregular  elevation;  aometiaMi 
above,  *and  somAfQie&4>e1ow  the  low  water  mark.  At  soow 
points  this  bed  consists  of  foreA  peat^  containing  fir  cones,  sod 
fragments  of  bones,  and  in  others  of  ^oody  clay ;  and  ebewhere 
of  large  stools  of  trees,  standing  Ihickly  together,  the  stems  ap- 
pearing to  have  been  broken  ofi*  about  eighteen  inches  from  their 
base.  They  are  evidently  rooted  in  the  clay  or  sandy  bed  ie 
which  they  originally  grew,  and  their  stems  and  branches  lie 
around  them,  flattened  by  the  pressure  of  from  thirty  to  three 
hundred  feet  of  diluvial  deposits.    It  i»  not  possible  to  say  how 
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far  inland  this  subterraoean  forest  extends ;  but  that  it  is  not  a 
mere  external  belt  is  obvious,  from  the  constant  exposure  and 
removal  of  new  portions,  at  the  base  of  the  cliffs/*  This  fact, 
mentioned  by  Mr.  Taylor,  is  highly  deserving  of  notice ;  as  it  is 
evident,  thai  we  have  here  one  of  those  extensive  lignite  forma- 
tions in  or  over  tertiary  sand  and  sandstone,  to  which  continental 
geologists  give  the  name  of  gres  a  lignites :  it  further  appears  to 
point  out  the  geological  relation  of  the  crag  with  the  upper  beds 
of  molasse  in  Switzerland ;  and  what  is  still  more  important,  it 
fives  OS  the  true  geological  position  of  the  subterranean  forest, 
that  extends  in  the  eastern  side  of  England  into  Yorkshire,  and 
to  which  I  shall  refer  again  in  a  subsequent  chapter.  The  fossils 
in  the  crag  are  not  mineralized ;  many  of  them  appear  to  belong 
to  species  living  in  the  present  seas.  The  general  characters  of 
tbe  crag  are  ably  givfsn  by  Mr.  Taylor.  "A  district,  bordering  a 
Imdred  miles  upon  our  eastern  coast,  is  occupied  by  an  ancient 
awriae  deposit,  continually  changing  its  aspect,  yet  constant  in 
Ui  pffiyn^^f  character^,  and  always  to  be  understood  by  unerring 
dnia  •  Qow  appearing  as  a  ferruginous  sandstone,  then  in  com- 
paci  clay,  and  again  considerably  indurated ;  sometimes  blended 
in  a  mass  of  extinct  zoophytes,  sponges  and  alcyonitos,  forming 
n  soft  rock ;  oftener  an  irregularly  accumulated  mass  of  decom- 
posed and  broken  Uttoral  shells,  loosely  imbedded  in  sand  like  an 
Qfdinary  sea  beach,  yet  accompanied  with  the  remains  of  un* 
known  animals.  Sometimes  forming  the  substratum  of  a  consid- 
erable area;  or,  overwhelmed  beneath  the  debris  of  older  strata, 
OfUy  detected  at  intervals.  At  one-  point  exhibiting  groups  of 
■beU  fish  allied  to  those  of  the  oeighbouriug  sea  ;  and  at  another, 
composed  of  numerous  genera,  which  are  neither  to  be  reco«:ni- 
eed  living  in  any  part  of  our  globe,  nor  assimilating  to  the  fossil 
abelk  of  other  formations.^' — PM.  Mag.  p.  350. 

A  small  portion  of  the  upper  marine  formation  occurs  in  the 
Uid  of  Wight  and  the  opposite  coast  of  Hampshire. 

Upper  Freshwater  Limestone, — This  formation,  though  exten- 
sively spread  over  many  parts  of  the  continent,  is  scarcely  kn.»wn 
in  England :  it  occurs  in  the  Isle  of  Wight.    In  the  Paris  basin  it 
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covers  all  ihe  other  tertiary  strata,  and  is  itself  covered  with 
getable  soil.  Below  the  freshwater  limestone  there  is  someuoi'^ 
a  bed  of  sand,  intermixed  with  greenish  or  reddish  earth,  a*:..^ 
millstone :  the  upper  part  of  the  freshwater  limestone  also  ^^ 
comes  intermixed  with  siliceous  earth,  and  passes  into  miUston^^ 

This  millstone  has  generally  a  reddish  or  yellowish  colour,     '^ 
that  of  the  best  quality  is  white ;  it  is  penetrated  by  a  multi^nn^ 
of  irregular  cavities,  in  which  there  are  numerous  siliceous  fifa. 
ments :  these  cavities  are  lined  with  an  ochreous  coat,  but  am 
sometimes  filled  with  argillaceous  earth  or  sand ;  they  do  doC 
communicate  with  each  other :  the  substance  of  the  milktoMi 
when  unmixed,  is  pure  silex.     All  the  best  millstones  in  Eoglsiid 
are  brought  from  France,  and  are  known  by  the  name  of  Bonk 
stones. 

Freshwater  limestone  in  the  vicinity  of  Paris,  has  generally  i 
grayish  white,  or  a  yellowish  colour ;  it  is  sometimes  as  tender  ai 
chalk,  and  sometimes  hard  and  compact,  with  a  fine  grain  and 
conchoidal  fracture :  in  the  latter  state  it  is  brittle,  and  breab 
into  sharp-edged  fragments  like  flint.  Some  of  this  limestone, 
particularly  that  of  Chateau  Landon,  presents  the  character  of  a 
transition  marble,  and  will  receive  a  fine  polish*  Several  of  the 
basins  with  jets  d'eau  in  the  gardens  of  the  Thuilleries  are  made 
of  this  marble.  Many  of  the  harder  fi^eshwater  limestones,  hon* 
ever,  rapidly  disintegrate  on  exposure  to  air  and  moisture,  and 
fall  to  the  state  of  marie,  and  are  used  as  manure.  This  fonm- 
tion  is  characterized  by  containing  exclusively  freshwater  and 
land  shells,  similar  to  what  are  found  in  the  neighbouring  rnank- 
es ;  they  belong  to  a  small  number  of  genera  or  species,  beipg 
chiefly  lymnitcs,  planorbes,  turbinated  shells,  (allied  to  ceritkk^ 
cyclostoma,  and  helices. 

Freshwater  limestone  occurs  in  many  parts  of  the  South  of 
France ;  in  Auvergne  it  is  covered  by  a  vast  mass  of  volcanic 
tufa  and  basalt :  it  contains  bones  of  mammiferous  qua4rupeds, 
together  with  lymnites  and  freshwater  shells.  The  freshwater 
limestone  under  Gergovia,  near  Clermont,  is  distinctly  stratifiedt 
and  presents  the  characters  of  a  soft  grayish  chalk.    The  upper 
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frediwatar  Kmettone,  may  be  regarded  as  the  most  recent  rock 
fiDnnalion  of  the  ancient  world. 

For  the  fint  accurate  account  of  the  tertiary  strata,  and  of  the 
alternation  of  marine  and  freshwater  strata  in  England,  we  are 
indebted  to  Mr*  Webster,  who  published,  in  the  3d  volume  of  the 
Tranaactioiis  of  the  Geological  Society  of  London,  a  very  inter- 
esting deacription  of  these  strata  in  the  Isle  of  Wight,  and  their 
connection  with  the  subjacent  chalk.  The  chalk  covered  by  the 
London  day,  passes  under  the  channel,  called  the  Solent,  and 
rues  in  the  middle  of  the  island,  forming  a  range  of  hills  which 
extends  from  Culver  Cliffs  on  the  east,  to  the  Needles  on  the  west. 
Here  we  meet  with  the  only  remarkable  derangement  of  the  beds 
<kf  chalk,  and  the  superior  strata,  which  has  been  noticed  in  Eng- 
land. The  strata  of  this  range  of  hills  are  thrown  into  a  position 
abtolotely  vertical,  evincing  the  action  of  some  mighty  disturbing 
force,  which  can  be  so  often  observed  to  have  acted  on  the  lower 
strata  in  various  parts  of  the  world,  and  also  on  the  upper  strata 
in  the  vicinity  of  the  Alps. 

The  whole  thickness  of  the  beds  in  the  Isle  of  Wight,  which 
are  nearly  vertical,  according  to  Mr.  Webster^s  measurement  is 
not  leas  than  three  thousand  feet,  including  fourteen  hundred  and 
eighty-one  fiset  of  strata  above  the  chalk,  about  nine  hundred  and 
dghty-seven  feet  of  chalk,  and  five  or  six  hundred  feet  of  lower 
gfrata.  Further  south,  the  strata  under  chalk  are  seen  again  in 
thm  original  horizontal  position ;  and  on  the  northern  side,  there 
are  hiDs  composed  of  horizontal  strata,  evidently  of  a  formation 
posterior  to  the  time  when  the  chalk  strata  were  overturned. 
Tliat  fhe  latter  were  once  nearly  horizontal,  may  be  inferred  from 
their  always  occurring  in  that  position  in  the  southern  counties, 
and  is  rendered  certain  from  the  following  circumstance  descri- 
bed by  Mr.  Webster.  In  one  of  the  vertical  beds  consisting  of 
koae  sand,  are  several  layers  of  flints,  extending  from  the  bottom 
to  the  top  of  the  cliff.  *'  These  flints  have  been  rounded  by  at- 
trition, are  from  an  inch  to  eight  inches  in  diameter,  and  appear 
to  have  belonged  to  the  chalk.  Now  it  is  inconceivable  that 
these  flints  could  have  been  originally  deposited  in  their  present 
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position :  they  distinctly  point  out  the  former  horizontal  dmetmi 
of  this  series.  There  are  no  signs  of  partial  disturbance  in  these 
beds;  tlie  whole  appears  therefore  to  have  been  moved  togetber." 
The  enormous  force  required  to  occasion  a  displaceoMDl  of  the 
strata,  not  only  through  the  whole  island  but  into  Dorsetshirev 
where  it  can  be  traced  beyond  Lulworth,  must  have  been  sufE- 
cient  to  form  or  destroy  extensive  lakes,  and  perhaps  to  sqwrals 
England  from  the  Continent. 

Close  adjoining  the  vertical  strata  on  the  northern  side  of  the 
island,  occur  a  series  of  horizontal  strata,  which  are  dtstinctly 
visible  in  a  hill  called  Headon ; — these  strata  consist  of  an  alter* 
nating  series  of  freshwater  and  marine  deposits,  bearing  a  striking 
similarity  in  their  fossil  contents,  to  the  strata  in  the  vicinity  of 
Paris.    According  to  Mr.  Webster,  they  consist  of 

1.  A  calcareous  stratum,  containing  only  freshwater  shells.^- 

Upper  freshwater, 

2.  Greenish  marie  with  marine  sheUs. — Upper  marine. 

3.  Marie  with  freshwater  shells. — Lower  freshwater, 
'  4.  Dark  blue  clay  without  shells. — Lower  marine. 

Thus  we  have  over  chalk  four  distinct  formations.    No.  4*  A 
lower  marine  formation,  which  includes  the  London  clay.     A  low- 
er freshwater  formation,  No.  3.    The  strata  of  this  formation 
consist  of  sandy,  calcareous,  and  argillaceous  marie ;  some  of 
them  appear  to  be  formed  almost  wholly  of  the  fragments  of 
freshwater  shells,  without  any  mixture  whatever  of  marine  sheik. 
^^  From  the  quantity  of  these  shells,  and  the  regularity  and  exteitf 
of  the  strata,  we  are  compelled  (says  Mr.  Webster)  to  admit, 
that  the  spot  where  they  now  are,  was  once  occupied  by  freA 
water,  in  which  these  animals  existed  in  a  living  state.     Over  tbii 
fresh  water  occurs  an  upper  stratum,  No.  2,  which  contains  a  vast 
number  of  fossil  shells  wholly  marine.    Again,  over  this  marine 
formation,  in  the  same  hill,  is  a  calcareous  stratum  fifty -five  feet 
in  thickness.  No.  t,  every  part  of  which  contains  freshwater  shells 
in  great  abundance,  without  any  admixture  of  marine  exuvis. 
Many  of  the  shells  are  in  high  preservation ;  and  the  animab 
must  formerly  have  Uved  in  the  very  spots  where  they  now  are, 
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4ie  shdh  being  so  fragile,  that  they  could  not  have  been  removed 
firom  their  original  situation  without  breaking.  Part  of  the  stone 
of  this  formation  is  very  hard  and  compact,  and  has  long  been 
extensively  used  for  building-stone.  This  stratum  appears  to 
have  extended  over  the  whole  of  the  northern  part  of  the  Isle  of 
Wight;  but  it  has  not  yet  been  discovered  in  any  other  situation 
on  this  side  of  the  water ;  it  may  be  considered  as  the  latest  for- 
mation of  rock  we  are  acquainted  with  in  England,  and  agrees 
in  many  of  its  mineralogical  characters,  and  the  fossils  it  con- 
tains, with  the  freshwater  limestone,  calcaire  d^eau  douce^  in  the 
vicinity  of  Paris  ;  they  are  different  from  any  other  known  rock/^ 
But  no  where  has  there  been  discovered  in  the  series  of  freshwa- 
ter strata  in  England,  any  trace  of  the  remarkable  beds  of  gyp- 
tam  containing  bones  of  unknown  genera,  and  species  of  quad- 
rupeds, similar  to  the  gypsum  of  Moiitmartre. 

OBSERVATION'S. 

Though  the  tertiary  strata  are  the  roost  recent  of  all  the  regular 
rock  fornwtlODS,  and  contain  the  remains  of  animals,  similar  in  the  es- 
aential  parts  of  their  organization  to  the  present  races  of  living  ani- 
mals, jet  at  the  period  of  their  deposition,  the  condition  of  our  plan- 
et most  have  been  very  different  from  the  present  one.  Many  of  the 
tertiiry  strata  are  original  siliceous  depositions — the  mill-stones  for 
instance,  with  the  thick  beds  of  pure  siliceous  sandstone  passing  into 
chalcedoDic  flint  or  chert,  {siltx  come)  are  as  evidently  original  for- 
mations as  any  of  the  lower  rocks.  In  the  present  seas  or  lakes  there 
are  no  siliceous  formations  taking  place,  nor  have  we  any  instances 
of  siliceous  depositions,  except  from  boiling  springs.  These  consid- 
erations will  alone  be  sufficient  to  convince  us,  that  the  tertiary  strata 
were  deposited  under  different  circumstances,  from  any  that  we  have 
a  knowledge  of,  either  from  experience  or  historic  records. 

The  alternation  of  marine  and  freshwater  formations  has  been 
diflerently  accounted  for.  According  to  one  hypothesis,  the  sea, 
which  at  present  contains  a  variable  portion  of  salt  in  different  lati- 
tudes, may  formerly  have  deposited  all  its  salt,  and  become  fresh  at 
ooe  period,  and  have  subsequently  received  another  saline  impregna- 
tion ;  there  is  nothing  absurd  or  highly  improbable  in  this  hypothesis, 
but  it  is  entirely  gratuitous.    Some  geologists  deny  that  freshwater 
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shells  are  a  sufficient  proof  that  the  strata  in  which  they  are  feomt 
were  not  deposited  in  salt  water.  In  the  salt  lakes  in  Westphalia, 
lymnites,  which  may  be  regarded  as  the  most  characteristic  of  all 
freshwater  moluscsB,  are  observed  to  flourish  together  with  freshwa- 
ter plants ;  and  many  testaceous  animals,  it  has  recently  been  discoT- 
ered,  will  live  equally  well  in  fresh  or  salt  water.  The  number  of 
terrestrial  quadrupeds  that  have  left  their  bones  in  the  freshwater 
limestone  and  gypsum,  afford,  however,  a  strong  presumption,  that 
the  water  was  fresh  that  filled  the  lakes,  on  the  banks  of  which  they 
lived ;  and  the  extensive  lakes  of  fresh-water  in  America  render  the 
existence  of  such  lakes  in  a  former  state  of  our  planet,  highly  prob- 
able. Nor  will  the  change  from  salt  to  fresh  water  require  any  for- 
ced hypothesis  to  explain  it,  if  we  separate  from  the  investigation,  the 
difficulties  which  it  has  in  common  with  other  geological  problent. 

It  is  granted  by  all  geologists,  that  the  calcareous  beds  on  the  sob- 
mits  of  the  Jura  range,  or  the  Pyrenees,  have  once  been  covered  by 
the  sea.     We  may  therefore  grant  that  the  chalk  strata  were  also  once 
under  its  surface.     Now  if  we  admit,  that  the  water  in  which  the 
strata  around  Paris  were  deposited,  was  surrounded  by  moontains  and 
dry  land,  so  as  to  form  an  inland  sea  or  lake,  communicating  by  a  nar- 
row opening  with  the  ocean,  and  that  large  rivers  flowed  into  this 
inland  lake ;  the  water  would  at  first  be  salt ;  but  if  by  any  cause  the 
opening  was  closed,  the  water  would  gradually  become  fresh  again.    If 
at  a  subsequent  period  the  passage  was  re-opened  by  an  earthquake  or 
inundatioD,  the  sea  would  once  more  flow  ioto  the  lake,  and  the  wa- 
ter would  again  become  salt.     Such  alternations  might  take  place  le- 
peatedly,  without  any  change  in  the  relative  level  of  the  ocean.   The 
difficulty  of  conceiving  these  alternations,  has  arisen  from  supposing 
that  it  was  necessary  for  the  sea  to  sink  to  its  present  level,  and  rise 
again  repeatedly ;  but  this  is  by  no  means  required,  to  explain  the  al- 
ternate succession  of  freshwater,  and  marine  formations. 

The  causes  which  have  depressed  the  sea  to  its  present  level,  or 
have  elevated  our  present  continents  above  its  surface,  took  place 
after  the  deposition  of  the  tertiary  strata,  as  might  be  proved  by  d»- 
merous  incontrovertible  facts.  Whether  in  a  still  more  remote  epoch, 
all  the  present  continents  may  not  have  been  repeatedly  submeigad 
in  the  ocean,  and  again  elevated  above  its  surface,  is  an  inquiry  not 
necessarily  connected  with  the  deposition  of  the  tertiary  strata, » 
these  change  were  anterior  to  their  formation. 


CHAPl'ER  XV. 

ON   EABTHQUAKES   AND   VOLCANIC   PHEN0MENA.--ON   RECENT      C 
AND  ANCIENT   YOLCAN0S.-4UBMARINE    VOLCANOS.^AND  ON 
VOLCANIC  BOCKS  AND  PRODUCTS. 

Accustomed  to  view  the  hills  in  our  own  country  in  a  state  of 
profoand  repose,  presenting  the  same  unvaried  outline  in  each 
succeeding  year,  we  can  scarcely  conceive  the  possibility  of  a 
vhoie  district  being  covered  with  new  mountains  and  another 
ml,  in  the  space  of  a  single  night ;  yet  such  changes  have  been 
piodooed,  by  the  united  agency  of  earthquakes  and  volcanos, 
within  the  limits  of  authentic  history.  For  a  particular  descrip- 
lion  of  recent  volcanic  eruptions,  and  the  changes  they  have 
prodoced  on  the  surrounding  countries,  I  must  refer  the  reader 
to  the  works  of  Spallanzani,  Dolomieu,  Sir  William  Hamilton, 
and  M.  Humboldt,  and  to  the  recent  account  of  the  Island  of 
Java,  by  Keutenant  governor  Raffles. 

In  the  present  chapter,  I  propose,  1st,  to  describe  those  phe- 
nomena that  indicate  the  connection  between  earthquakes  and 
volcanos,  and  between  the  volcanos  in  distant  countries ;  2dly, 
to  take  a  view  of  the  remains  of  ancient  volcanos,  that  prove  the 
extensive  action  of  internal  heat  on  the  crust  of  the  globe ;  and, 
3dly,  to  give  a  concise  account  of  volcanic  rocks  and  products. 

Earthquakes  and  volcanos  may  be  considered  as  different  ef- 
iects  produced  by  the  agency  of  subterranean  fire.  They  fre- 
<|nently  accompany  each  other  flito;  and  in  all  instances  that 
have  been  observed,  the  first  eruption  of  a  volcano,  is  preceded 
by  an  earthquake  of  greater  or  less  extent  Volcanos  do  not 
make  their  appearance  in  every  country  where  the  shock  of  an 
earthquake  is  felt :  but  earthquakes  are  more  frequent  in  volca- 
nic districts  than  in  any  other.  Earthquakes  are  almost  alwajrs 
preceded  by  an  uncommon  agitation  of  the  waters  of  the  ocean, 
and  of  lakes.  Springs  send  forth  torrents  of  mud,  accompanied 
With  a  disagreeable  smell.    The  air  is  generally  calm,  but  the 
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cattle  discover  mucli  alarm,  and  seem  to  be  instinctively  aware 
of  approaching  calamity.  A  deep  rumbling  noise,  like  that  of 
carriages  over  a  rough  pavement, — a  rushing  sound  like  wind« — 
or  a  tremendous  explosion  like  the  discharge  of  artillery,  immedi- 
ately  precede  the  shock,  which  suddenly  heaves  the  ground  up- 
wards, or  tosses  it  from  side  to  side,  with  violent  and  successive 
vibrations.  The  shock  seldom  lasts  longer  than  a  minute ;  bat 
it  is  frequently  succeeded  by  others  of  greater  or  less  violence, 
which  continue  to  agitate  the  surface  of  the  earth  for  a  consider^ 
able  time.  During  these  shocks,  large  chasms  and  openings  are 
made  in  the  ground,  through  which  smoke  and  flames  are  seen 
to  issue :  these  sometimes  break  out  where  no  chasms  can  be 
perceived.  More  frequently  stones,  or  torrents  of  water,  are 
ejected  from  these  openings.  In  violent  earthquakes,  the  chasms 
are  so  extensive,  that  large  cities  have  in  a  moment  sunk  down 
and  for  ever  disappeared,  leaving  a  lake  of  water  in  the  place. 
Such  was  the  fate  of  Euphemia  in  Calabria,  in  1638,  as  descri- 
bed by  Kircher,  who  was  approaching  the  place,  when  the  agita- 
tion of  the  ocean  obliged  him  to  land  at  Lopisicum :  ^  H»e 
(says  he)  scenes  of  ruin  every  where  appeared  around  me ;  but 
my  attention  was  quickly  turned  from  more  remote  to  contigooos 
danger,  by  a  deep  rumbling  sound,  which  every  moment  grew 
louder.  The  place  where  we  stood  shook  most  dreadfully:  after 
some  time,  the  violent  paroxysm  ceasing,  I  stood  up,  and  turning 
my  eyes  to  look  for  Euphemia,  saw  only  a  frightful  black  cloud 
We  waited  till  it  had  passed  away,  when  nothing  but  a  dismal 
and  putrid  lake  was  to  be  seen  where  the  city  once  stood.'' 

The  extent  to  which  earthifaBkes  produce  sensible  effects  oo 
the  waters  of  springs  and  lakes  in  distant  parts  of  the  world,  is 
truly  remarkable.  During  the  earthquake  of  Lisbon  in  1755, 
almost  all  the  springs  and  lakes  in  Britain  and  every  part  of  Eu- 
rope were  violently  agitated,  many  of  them  throwing  up  mud  and 
sand,  and  emitting  a  foetid  odour.  On  the  morning  of  the  earth- 
quake, the  hot  springs  at  Toplitz  in  Bohemia  suddenly  ceased  to 
flow  for  a  minute,  and  then  burst  forth  with  prodigious  violenoOr 
throwing  up  turbid  water,  the  temperature  of  which  was  higber 
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than  beibra :  it  is  said  to  have  continued  so  ever  since.  The  hot 
Weill  at  Bristol  were  coloured  red,  and  rendered  unfit  for  use,  for 
some  months  afterwards.  Even  the  distant  waters  of  Lake  On- 
tariOi*  in  North  America,  were  violently  agitated  at  the  time. 
These  phenomena  offer  proofs  of  subterranean  communications 
under  a  large  portion  of  the  globe;  they  also  indicate,  that  a 
great  quantity  of  gas  or  elastic  vapour  was  suddenly  generated 
and  endeavoaring  to  escape.  From  the  fcctid  odour  perceived 
in  some  situations,  it  may  be  inferred  that  this  gas  is  hydrogen  or 
sulphuretted  hydrogen.  In  other  instances  it  may  be  steam, 
which  condensing  again  woiild  produce  a  vacuum,  and  occasion 
the  external  air  to  press  downwards ;  which  has  been  observed  in 
nunes,  immediately  after  the  shock  of  an  earthquake. 

The  space  over  which  the  vibration  of  the  dry  ground  is  felt  is 
tety  great,  but  generally  wider  in  one  direction  than  another ; 
and  where  a  succession  of  earthquakes  has  taken  place  in  the 
same  district,  it  is  observed  that  the  noise  and  shock  approach 
fiom  the  same  quarter.  It  has  been  before  mentioned,  that 
earthqaakes  are  most  frequent  in  volcanic  districts;  but  the 
•hocks  are  not  the  most  violent,  in  the  immediate  vicinity  of  vol« 
canosL  On  the  contrary,  they  are  stronger  in  the  more  distant 
part  of  a  volcanic  country.  The  ground  is  agitated  with  greater 
ibrce,  as  the  surface  has  a  smaller  number  of  apertures  commu- 
nicatiog  with  the  interior.  ^^  At  Naples  and  Messina,  and  at  the 
loot  of  Cotopaxi  and  Tungurahua,  earthquakes  are  only  dreaded 
when  vapours  and  flames  do  not  issue  from  the  craters.^^— -(Hum- 
boldt) 

The  connection  of  earthquakes  with  volcanos  was  noticed  by 
ancient  writers,  and  the  latter  were  properly  regarded  as  the  open- 
ings, through  which  the  inclosed  vapour  and  ignited  matter  that 
occasion  earthquakes,  found  a  passage.  Strabo  in  his  Geogra- 
phy  states,  that  '^  the  town  of  Regium,  situated  on  the  Italian 


*  It  has  been  observed  during  many  earthquakes  in  the  Eastern  States,  that  the 
ittbtemiieaii  noise  and  motion  appeared  to  commence  from  the  Lakes,  and  proceed 
tvwards  tiie  Atlantic  Ocean,  in  a  direction  from  the  north-west. 


^48  EARTRQUAKlES. 

side  of  the  Straits  of  Messina,  was  so  called,  according  to  JSMkf" 
lus,  from  the  circumstance  that  the  island  of  Sicily  was  rent  off 
from  the  continent  by  earthquakes.  Prooft  of  this  arise  out  of 
the  phenomena  attending  iEtna  and  other  parts  of  Sicily  and  of 
the  Lipari  Islands,  and  even  the  opposite  continent*  Now,  indeed, 
when  craters  are  opened,  through  which  iBre  and  ignited  matter 
and  water  are  poured  out,  it  is  said  that  the  land  near  the  Straits 
is  seldom  shaken  by  earthquakes :  but  formerly,  when  all  the 
passages  to  the  surface  were  obstructed,  the  fire  and  vapour  con- 
fined in  the  earth,  occasioned  frequent  earthquakes,  and  the  land 
being  rent,  admitted  the  ocean.  .  At  the  same  time,  Prochyta 
and  an  adjacent  island  were  also  torn  off  from  the  continent, 
while  other  islands  rose  fi^m  the  ocean,  as  frequently  happena  at 
this  day.^^     Vol.  i.  page  396. 

It  is  highly  probable  that  every  extensive  earthquake  is  follow^ 
ed  by  a  volcanic  eruption  more  or  less  remote,  unless  (as  not  on- 
frequently  happens)  the  elastic  vapour  immediately  escapes  fixMD 
fissures  made  at  the  time,  in  the  countries  that  are  the  most  vio- 
lently convulsed.  An  earthquake  was  strongly  felt  in  Gteneva 
when  I  was  there,  February  19,  1822,  and  did  consideraUe  dam- 
age in  several  towns  and  villages  in  Savoy  and  France.  A  few 
-weeks  afterwads,  I  travelled  from  Geneva  to  Lyons,  and  from 
thence  to  the  ancient  volcanos  near  Clermont  In  the  coom 
of  my  route,  I  made  frequent  inquiries  respecting  the  effects  of 
the  earthquake :  it  appeared  to  have  been  most  strongly  felt  along 
the  valley  of  the  Rhone,  and  the  shock  was  not  less  severe  in 
the  volcanic  district  of  Auvergne ;  its  direction  was  from  the 
south-east ;  and  on  that  and  the  following  days,  there  were  sev- 
eral eruptions  from  Vesuvius.  The  frequency  of  earthquakes  at 
particular  periods  is  well  deserving  of  notice.  In  the  fourth  and 
fifth  centuries  some  of  the  most  civilized  parts  of  the  world  were 
almost  desolated  by  these  awful  visitations.  Thrace,  Asia  Minor, 
and  Syria,  according  to  cotemporary  historians,  suffered  most 
severely :  the  earth  was  agitated  continually  for  long  periods, 
and  flames  were  seen  to  burst  from  the  earth,  over  a  vast  extent 
of  surface.    On  the  26th  of  January,  A.  D.  447,  sabterranean 
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thunders  were  heard  from  the  Black  to  the  Red  Sea,  and  the 
earth  was  convulsed  without  intermission  for  the  space  of  six 
months ;  in  many  places  the  air  seemed  to  be  on  fire,  towns  and 
large  tracts  of  ground  were  swallowed  up  in  Phrygia.  On  the 
20th  of  May,  A.  D.  520,  the  city  of  Antioch  was  overturned  by 
a  dreadfiil  earthquake,  and  two  hundred  and  fifty  thousand  of 
its  inhabitants  are  said  to  have  been  crushed  in  the  ruins.  A  ra- 
ging fire  covered  the  ground  on  which  the  city  was  built,  and  the 
district  around ;  spreading  over  an  extent  of  forty-two  miles  in 
diameter,  and  a  surface  of  fourteen  hundred  square  miles. 

About  the  middle  of  the  last  century,  after  the  earthquake  at 
Lisbon, — Europe,  Africa,  and  America,  were  for  some  time  re- 
peatedly agitated  by  subterranean  explosions ;  as  may  be  seen, 
by  referring  to  the  journals  of  that  time.  iEtna,  which  had  been 
in  a  state  of  profound  repose  for  eighty  years,  broke  out  with 
great  activity ;  and  according  to  Humboldt,  some  of  the  most 
tremendous  earthquakes  and  volcanic  eruptions  ever  recorded  in 
history  were  witnessed  in  Mexico.  In  the  night  of  the  1 9th  of 
September  1759,  a  vast  volcano  broke  out  in  a  lofty  cultivated 
plain,  a  tract  of  ground  more  than  twelve  miles  in  extent  rose  up 
like  a  bladder  to  the  height  of  five  hundred  and  twenty-four  feet, 
and  six  new  mountains  were  formed,  higher  than  the  Malvern 
Hills  in  Worcestershire.  More  recently  (in  1812)  the  tremen- 
dous earthquakes  in  the  Caraccas  were  followed  by  an  eruption 
in  the  Island  of  St.  Vincent^s,  from  a  volcano  that  had  not  been 
burning  since  the  year  1718,  and  violent  oscillations  of  the  ground 
were  felt  both  in  the  islands  and  on  the  coasts  of  America.  It 
may  be  inferred  from  these  circumstances,  that  the  cause  of  earth- 
quakes and  volcanic  eruptions  is  seated  deep  below  the  surface 
of  the  earth ;  in  confirmation  of  which,  it  will  only  be  necessary 
to  state,  that  on  the  same  day  on  which  Lisbon  was  nearly  de- 
stroyed, all  Europe,  and  a  great  part  of  northern  Africa,  felt  the 
shock  more  or  less  severely ;  its  effects  were  also  sensible  across 
the  Atlantic  both  in  the  United  States,  and  the  West  Indies.  In- 
credible  as  it  may  seem,  onc-f  mrth  of  the  Northern  hemisphere 
was  agitated  by  the  same  earthquake.    The  bed  of  the  Atlantic 

32 
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was  raised  above  the  surface  of  the  ocean,  and  flame  and  vapoar 
were  discharged ;  this  was  observed  by  vessels  at  sea.  If  we 
lake  a  terrestrial  globe,  and  cover  those  parts  of  it  that  were 
thus  affected  by  the  earthquake,  with  black  crape,  we  shall  obtain 
a  more  distinct  idea  of  the  extent  of  surface  shaken,  than  a  mere 
verbal  description  can  convey.  This  appears  to  have  been  one. 
of  the  most  severe  shocks  that  the  old  continent  had  experienced 
for  several  centuries.  The  cause  which  could  effect  a  simulta- 
neous concussion  over  such  a  vast  extent,  must  probably  have 
been  seated  nearly  midway,  between  the  centre  of  the  globe  and 
its  surface. 

It  has  been  remarked  that  in  general,  earthquakes  are  more 
severely  felt  in  mountainous  than  in  low  countries :  this  might  be 
expected  from  the  structure  of  the  earth.*     In  alpine  districta, 
the  primary  mountains  are  not  pressed  with  the  incumbent  mwm 
of  secondary  rocks,  and  in  such  situations  the  resistance  to  a  force 
acting  from  beneath  will  be  much  less,  as  all  the  weight  of  sec- 
ondary rocks  is  removed.     In  very  violent  earthquakes,  the  sec- 
ondary strata  arc  broken  or  agitated ;  but  proofs  are  not  wanting, 
of  lesser  vibrations  being  stopped  by  their  pressure.    Humboldt 
says,  ho  has  seen  workmen  hasten  from  the  mines  of  Marien- 
burgh  in  Saxony,  alarmed  by  agitations  of  the  earth  that  were 
not  felt  at  the  surface.     During  the  earthquake  at  Lisbon,  the 
miners  in  Derbyshire  felt  the  rocks  move,  and  heard  noises  which 
were  scarcely  perceived  by  those  above.    That  an  expansive  force 
acting  from  beneath  is  the  proximate  cause  of  earthquakes,  can 
scarcely  be  denied ;  and  the  prodigious  power  of  steam,  when    . 
suddenly  generated,  seems  equal  to  their  production,  if  the  quan-  - 
lity  be  sufficiently  great.    It  is  said  that  a  single  drop  of  water-^ 
falling  into  a  furnace  of  melted  copper,  will  blow  up  the  wholes 
building.     This  may  be  an  exaggerated  statement;  but  tbes 

prodigious  force  of  steam  at  high  temperatures  is  well  known 

and  there  can  be  no  difficulty  in  admitting,  that  if  a  current  of  sub  — 


*  See  a  paper  on  Earthquakes  by  the  Rev.  Mr.  Mitchell,  Pbflotophical  Traniac* 
tlons,  1769. 
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terranean  water  were  to  find  access  to  a  mass  of  lava  many  miles 
in  extent,  and  most  intensely  heated,  it  would  produce  an  earth- 
quake more  or  less  violent,  in  proportion  to  the  quantity  of  steam 
generated,  and  its  distance  from  the  surface.  When  the  hydro- 
gen gas  exploded  in  a  mine  near  Workington  in  Cumberland,  a 
shock  like  that  of  an  earthquake  was  felt  by  ships  in  the  river, 
at  two  miles  distance. 

The  horrid  crash  like  the  rattling  of  carriages,  which  precedes 
earthquakes,  may  be  occasioned  by  the  rending  of  the  rocks,  or 
parting  of  the  strata  through  which  the  confined  vapour  is  forcing 
H  passage. 

In  volcanic  phenomena,  we  observe  a  cause  in  present  activ- 
ity, that  can  overthrow  mountains,  form  new  islands,  and  raise  up 
ahe  bed  of  the  ocean :  hence  the  geologist  may  infer,  that  the 
same  cause,  acting  with  greater  intensity  and  more  extensively, 
lias  been  the  agent  employed  by  the  Author  of  Nature,  to  ele- 
vate new  and  submerge  ancient  continents,  and  to  change  and 
xenovate  the  surface  of  the  globe.  We  are  indeed  acquainted 
with  no  other  natural  agent,  that  can  have  eflected  the  mighty 
changes  which  the  crust  of  our  planet  has  undergone.  The 
products  of  volcanos,  particularly  of  ancient  ones,  arc  analo- 
gous in  their  composition  and  internal  structure  to  the  oldest  rocks 
of  granite,  sienite,  and  porphyry,  and  indicate  not  obscurely,  the 
mode  in  which  these  rocks  were  formed :  hence  the  study  of  vol- 
canos and  volcanic  rocks  is  an  important  branch  of  the  science 
of  geology.  Werner  and  his  disciples,  however,  held  that  vol- 
canos were  produced  merely  by  the  ignition  of  beds  of  coal,  in 
the  secondary  strata. 

Volcanos  are  openings  made  in  the  earth 's  surface  by  internal 
fires ;  they  regularly,  or  at  intervals,  throw  out  smoke,  vapour, 
flame,  large  stones,  sand,  and  melted  stone  called  lava.  Some 
volcanos  throw  out  torrents  of  mud  and  boiling  water.  Volca- 
nos most  frequently  exist  in  the  vicinity  of  the  sea  or  large  lakes, 
and  also  break  out  from  unfathomable  depths  below  the  surface, 
and  form  new  islands  and  reefs  of  rock.  When  a  volcano 
breaks  out  in  a  new  situation,  it  is  preceded  by  violent  earth- 
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quakes,  the  heated  surface  of  the  ground  frequently  swells  and 
heaves  up,  until  a  fissure  or  rent  is  formed,  sometimes  of  vast  ei« 
tent.     Through  this  opening,  masses  of  rock  with  flame,  smoke 
and  lava,  arc  thrown  out,  and  choke  up  part  of  the  passage,  and 
confine  the  eruption  to  one  or  more  apertures,  round  which  con- 
ical hills  or  mountains  arc  formed.    The  concavity  in  the  centre 
is  called  the  crater.     The  indications  of  an  approaching  eruption 
from  a  dormant  volcano  arc  an  increase  of  smoke  from  the  sum- 
mit, which  sometimes  rises  to  a  vast  height,  branching  in  the 
form  of  a  pine-tree.     Tremendous  explosions,  like  the  firing  of 
artillery,  commence  after  the  increase  of  smoke,  and  are  succeed* 
ed  by  red-coloured  flames,  and  showers  of  stones.    At  length  the 
lava  flows  out  from  the  top  of  the  crater,  or  breaks  through  the 
sides  of  the  mountain,  and  covers  the  neighbouring  plains  with 
melted  matter,  which  becoming  consolidated,  forms  a  stony  mass, 
often  not  less  than  some  hundred  square  miles  in  extent,  and  sev- 
eral yards  in  thickness.     The  eruption  of  lava  has  been  known 
to  continue  several  months.    Intensely  black  clouds  compoied  of 
a  kind  of  dark  coloured  sand  or  powder,  improperly  called  ashes, 
are  thrown  out  of  the  crater  after  the  lava  ceases  to  flow,  and 
sometimes  involve  the  surrounding  country  in  total  darkness  at 
noon-day.    Towards  the  conclusion,  the  colour  of  the  volcanic 
sand  changes  to  white :  it  consists  of  pumice  in  a  finely  commi- 
nuted state.     During  an  eruption  of  iEtna,  a  space  of  one  hun- 
dred and  fifty  miles  in  circuit  was  covered  with  a  stratum  of  vol- 
canic sand  or  ashes  twelve  feet  thick.     When  the  lava  flows 
freely,  the  earthquakes   and  explosions   become  less   violent; 
which  proves  that  they  were  occasioned  by  the  confinement  of 
the  erupted  matter  both  gaseous  and  solid.     The  smoke  and  va- 
pour of  volcanos  are  highly  electrical. 

The  quantity  of  lava  thrown  out  during  a  single  eruption  of  a 
volcano,  seems  almost  incredible  to  those  who  have  not  observed 
volcanic  countries.  Kircher  in  his  Mundus  Subterraneus^Mh,  4, 
cap.  8,  published  in  1G60,  says,  that  the  ejections  of  Mount  £tna 
would,  if  collected,  form  a  mass  twenty  times  as  large  as  the 
mountain  itself;  and  a  few  years  afterwards,  viz.  in  1669,  the 
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same  moontain  covered  with  a  fresh  current  of  lava  eighty-four 
square  miles ;  and  again  in  1 775,  according  to  Dolomieu,  the 
same  volcano  poured  out  another  stream  of  lava,  twelve  miles  in 
length,  one  mile  and  a  half  in  breadth,  and  two  hundred  feet  in 
height.  Hence  it  is  evident,  that  the  seat  of  the  fire  is  not  in  the 
mountain  itself^  but  deep  in  the  earth :  the  volcano  is  not  the  fur- 
nace, but  the  chimney ;  and  it  will  be  necessary  to  bear  this  in 
mind,  if  we  would  form  an  adequate  idea  of  the  extensive  effects 
of  volcanic  action.  Seneca  appears  to  have  formed  a  distinct 
notion  of  the  seat  of  volcanic  fire,  when  he  remarks,  that  the 
volcano  does  not  supply  the  fire,  it  only  affords  it  a  passage, ''  in 
^pfo  sioRl^  lion  aUmentum  habet^  sed  viam.'*'*  The  largest  known 
current  of  modern  lava  was  formed  by  a  volcano  in  Iceland  in 
1783;  it  is  sixty  miles  in  length,  and  twelve  broad,  equalling  in 
extent  any  continuous  rock-formation  in  England.  The  most 
extraiHdinary  volcanic  eruption  recorded  in  history,  for  the  ex- 
tent of  its  effects,  took  place  in  Sumbawa,  one  of  the  Molucca 
Islands,  in  April,  1815.  It  is  described  in  the  History  of  Java  by 
Lieut  Governor  Raflies. 

"  This  eruption  extended  perceptible  evidences  of  its  existence 
cfver  the  whole  of  the  Molucca  Islands,  over  Java,  a  considerable 
portion  of  Celebes,  Sumatra,  and  Borneo,  to  a  circumference  of 
a  thousand  statute  miles  from  its  centre,  by  tremulous  motions 
and  the  report  of  explosions ;  while  within  the  range  of  its  more 
immediate  activity,  embracing  a  space  of  three  hundred  miles 
around,  it  produced  the  most  astonishing  effects,  and  excited  the 
most  alarming  apprehensions.  In  Java,  at  the  distance  of  three 
hundred  miles,  it  seemed  to  be  awfully  present.  The  sky  was 
overcast  at  noon-day  with  clouds  of  ashes ;  the  sun  was  envelop- 
ed in  an  atmosphere,  whose  ^  palpable^  density  he  was  unable  to 
penetrate ;  showers  of  ashes  covered  the  houses,  the  streets,  and 
the  fields,  to  the  depth  of  several  inches ;  and  amid  this  darkness, 
explosions  were  heard  at  intervals  like  the  report  of  artillery  or 
the  noise  of  distant  thunder.  So  fully  did  the  resemblance  of  the 
noises  to  the  report  of  cannon  impress  the  minds  of  some  officers, 
that  from  an  apprehension  of  pirates  on  the  coast,  vessels  were 
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despatched  to  afford  relief.  Superstition  on  the  other  hand  was 
busily  at  work  on  the  minds  of  the  natives^  and  attributed  the  re- 
ports, to  an  artillery  of  a  different  description,  to  that  of  pirates. 
All  conceived  that  the  effects  experienced  might  be  caused  bf 
eruptions  of  some  of  the  numerous  volcanos  on  the  island ;  but 
no  one  could  have  conjectured  that  the  showers  of  ashes  which 
darkened  the  air  and  covered  the  ground  of  the  eastern  districts 
of  Java,  could  have  proceeded  from  a  mountain  in  Sumbawa,  at 
the  distance  of  several  hundred  miles.*^ 

The  lieutenant-governor  of  Java  directed  a  circular  to  tbe  di& 
ferent  residents,  requiring  them  to  transmit  to  the  governor  a 
statement  of  the  facts  and  circumstances  connected  with  this 
eruption.    The  most  remarkable  circumstance  attending  this 
eruption,  is  the  distance  at  which  the  explosions  were  heard  in 
the  islands  of  the  Indian  Sea.    ^^  From  Sumbawa,  to  the  part  61 
Sumatra  where  the  sound  was  noticed,  is  about  nine  hundred 
and  seventy  geographical  miles.    From  Sumbawa  to  Temate  is 
a  distance  of  about  seven  hundred  and  twenty  miles.    The  dis- 
tance to  which  the  cloud  of  ashes  was  carried  so  thickly  as  to  pro- 
duce utter  darkness,  was  clearly  pointed  out  to  be  the  Island  of 
Celebes,  and  the  district  of  Grisik  in  Java :  the  former  two  ban* 
dred  and  seventeen  nautical  miles  in  a  direct  line,  the  latter  more 
than  three  hundred  geographical  miles.^^    The  greatest  distance 
at  which  the  eruption  of  any  volcano  had  been  previously  heard, 
is  six  hundred  miles :  according  to  M.  Humboldt,  the  explosions 
from  Cotopaxi  are  sometimes  sensibly  heard  at  that  distance  fron 
the  volcano,  which  is  one  of  the  largest  and  highest  in  the  Amer- 
ican continent. 

The  long  period  of  repose  which  sometimes  takes  place  be- 
tween two  eruptions  of  the  same  volcano,  is  particulariy  remar- 
kable. From  the  building  of  Rome  to  the  79th  year  of  the 
Christian  sera,  no  mention  is  made  of  Vesuvius,  though  it  had 
evidently  been  in  a  prior  state  of  activity,  as  Herculaneum  and 
Pompeii,  which  were  destroyed  by  the  eruption  of  that  year,  are 
paved  with  lava.  From  the  12th  to  the  16th  century  it  remained 
quiet  for  nearly  four  hundred  years,  and  the  crater  was  overgrown 
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with  lofty  trees.  The  crater  waa  descended  by  Bracchini,  an 
Italian  writer,  prior  to  the  great  eruption  of  1631 :  tlie  bottom 
was  at  that  time  a  vast  plain,  surrounded  by  caverns  and  grot- 
toes, ^tna  has  continued  burning  since  the  time  of  the  poet 
Pindar,  with  occasional  intervals  of  repose,  seldom  exceeding 
thirty  or  forty  years. 

The  eruptions  of  the  Peak  of  Teneriffc  have  been  very  rare 
during  the  last  two  centuries.  According  to  Humboldt,  ^'  the 
long  intervals  of  repose  appear  to  characterize  volcanos  highly 
elevated.*  Stromboli,  which  is  one  of  the  lowest,  is  always  burn- 
ing; the  eruptions  of  Vesuvius  are  rarer,  but  still  more  frequent 
than  those  of  iEtna.  The  colossal  summits  of  the  Andes,  Co- 
topazi  and  Tungurahua,  scarcely  have  an  eruption  once  in  a  cen- 
tury* The  Peak  of  Teneriffe  seemed  to  be  extinguished  for 
ninety-two  years,  when  it  made  its  last  eruption  by  a  lateral  open- 
ing in  1798.  Jin  this  interval  Vesuvius  had  sixteen  eruptions.^* 
The  greatest  eruptions  of  lava  from  i£tna  and  Vesuvius  are  al- 
ways from  the  sides  of  these  mountains;  but  these  lateral  erup- 
tions, fimsh  by  an  ejection  of  ashes  and  flames  from  the  crater  at 
the  summit  of  the  mountain.  In  the  Peak  of  Tenerifle,  an  erup- 
tion of  lava  from  the  summit  has  not  taken  place  for  ages ;  and 
10  the  recent  great  eruption  of  1798,  the  crater  remained  inac- 
tive, nor  did  its  bottom  fall  in. 

Those  who  are  acquainted  with  the  laws  of  hydrostatics,  and 
know  the  immense  power  that  would  be  required  to  raise  even  a 
column  of  water  from  the  level  of  the  sea,  to  the  top  of  iEtna 
or  Teneriffe,  will  not  be  surprised  that  the  lava  forces  itself  out 
of  the  sides,  and  rarely  rises  to  the  top  of  the  crater,  in  lofty  vol- 
canic mountains.  It  has  been  calculated,  that  the  force  required 
to  raise  a  column  of  lava  to  the  height  of  the  summit  of  Tene- 
rift,  (twelve  thousand  five  hundred  feet,)  would  be  equal  to  that 
of  one  thousand  atmospheres ;   and  M.  Daubuisson,  who  has 


*  Thii  dbwiratioD  of  M.  Humboldt  will  not  be  found  universally  correct;  for  the 
nil  volcano  of  Viilcann.  one  of  thr  Lipstri  i^lntnly.  wsis  in  a  dormant  state  thirteen 
hundred  year*. 
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nuule  the  calcolatioa,  fum,  that  if  an  opeoing  were  effeeted  in 
the  vrdcano  at  the  level  of  the  Ma.  under  the  above  pressure^the 
lava  and  nones  voaU  be  ibfced  out  with  a  velocity  equal  to  two 
hnndfed  and  leventy  metres  or  eight  htmdred  feet  per  second — 
Tom.  L  p.  173. 

The  elevation  of  volcanic  craters  vairing,  as  HtunboMt  ob- 
serves, from  six  hundred  to  eighteen  thousand  feet,  must  not  odIj 
influence  the  fiequencv  of  their  eruptions,  but  must  modify  aba 
the  qualitj  of  the  substances  ejected. — ^  Some  volcanos  onlj 
eject  lava  from  their  sides,  like  Teneriffe,  although  it  has  a  crater 
on  its  summit ;  others  have  lateral  eruptions  as  I  observed  at  Ao- 
tisaoa  in  Quito,  at  the  height  of  thirteen  thousand  feet,  and 
their  summit  has  never  been  pierced.  Others  equally  hollow  in 
their  interior,  as  many  phenomena  indicate,  act  only  mechanical- 
ly on  the  surrounding  country,  breaking  the  strata  and  changiog 
the  surface  of  the  soil ;  thus  the  volcanic  mountain  of  Chimbo- 
razo,  with  its  dome  of  volcanic  porphyry,  (trachyte^)  at  the  height 
of  twenty-two  thousand  two  hundred  feet,  has  no  permanent 
aperture  on  its  summit  or  its  sides ;  the  small  crater  by  which 
its  eruptions  are  effected,  is  placed  on  the  plain  of  Calpi.  The 
volcano  of  Pichinca,  fifteen  thousand  feet  high,  and  which  I  have 
particularly  studied,  has  never  ejected  a  current  of  lava  since 
the  excavation  of  the  present  valleys.  On  the  contrary,  the  voir 
cano  of  Popocatcpti  in  Mexico,  sixteen  hundred  feet  in  height, 
pours  out  narrow  currents  of  lava,  like  those  from  the  smaller  vol- 
canos of  Auvergne  or  Italy."   , 

Submarine  volcanos  are  preceded  by  a  violent  boiling  and  ag- 
itation of  the  water,  and  by  the  discharge  of  volumes  of  gas 
and  vapour,  which  take  fire  and  roll  In  sheets  of  flame  over  the 
surface  of  the  waves.  Masses  of  rock  are  darted  through  the 
water  with  great  violence,  and  accumulate  till  they  form  new 
islands.  Sometimes  the  crater  of  the  volcano  rises  out  of  the 
sea  during  an  eruption.  In  1 783,  a  submarine  volcano  broke  out 
near  Iceland,  which  formed  a  new  island ;  it  raged  with  great 
fury  for  several  months.  The  island  afterwards  sunk,  leaving 
only  a  reef  of  rocks.    In  December,  1720,  a  violent  earthquake 
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^BB  felt  at  Tercera,  one  of  the  Azores;  the  next  morning  a  new 
idand  nine  miles  in  circumference  was  seen,  from  the  centre  of 
which  roae  a  column  of  smoke ;  it  afterwards  sunk  to  a  level  with 
the  sea.  A  small  island  was  formed  in  1811  by  a  submarine  vol- 
cano at  a  little  distance  from  St  MichaePs,  one  of  the  Azores : 
it  was  a  mass  of  black  rock,  described  by  the  captain  of  the  Sa- 
brina  frigate,  who  witnessed  its  formation,  to  be  equal  in  height 
to  the  high  Tor  at  Matlock.  A  gentleman  who  visited  the  Azores 
in  1813,  informs  me  that  it  has  sunk  down  and  disappeared: 
there  is  now  eighty  fathoms  of  water  in  the  place. 

Near  Santorini,  in  the  Grecian  Archipelago,  submarine  volca- 
Dos  have  repeatedly  burst  forth  during  the  last  two  thousand 
yean,  and  formed  several  new  islands :  three  of  the  ancient 
eraptionB  are  recorded  by  PUny,  Strabo,  and  Seneca.  The  last 
eruption  was  in  the  year  1 767. 

If  the  sea  or  large  lakes,  have  once  covered  our  continents,  it 
follows  that  the  greater  part  of  the  present  and  ancient  volcanos 
were  once  submarine.  I  am  informed  by  Mr.  Leckie,  that  cal- 
careous strata  with  organic  remains  rest  on  beds  of  volcanic  tufa 
on  the  eastern  side  of  Sicily,  and  decline  towards  the  sea«  The 
altematioas  of  strata  of  tertiary  limestone  with  beds  of  lava  on 
the  side  of  iEtna  near  Lentini,  are  described  by  Dr.  Daubeny. 
(See  p.  310.)  These  facts  indicate  that  the  volcanic  fires  in  the 
vicinity  of  iEtna  once  raged  under  the  ocean.  Almost  all  the 
dew  volcanos  on  record,  have  broken  out  from  under  the  sea. 
*  Some  volcanos  in  Europe,  and  many  in  the  Andes,  throw  out 
aqueoos  torrents  intermixed  with  mud  and  stones ;  indeed,  the 
American  volcanos  more  frequently  eject  mud  than  lava.  Erup- 
tions of  water  from  iEtna  and  Vesuvius  are  rare,  and  some  which 
have  been  described  as  flowing  from  the  crater  of  the  former,  have 
been  merely  the  torrents  of  melted  water  from  snow  on  its  summit. 
The  volcano  of  Macaluba  in  Sicily  presents  the  phenomena  of 
mod,  water,  and  stones  thrown  out  of  the  crater.  Ferrara  des- 
cribes an  alarming  eruption  which  took  place  on  the  29th  of  Sep- 
tember 1777  :  *'  Dreadful  noises  were  heard  all  round ;  and  from 
the  midst  of  the  plain,  in  which  wa<>  formed  a  vast  gulf,  an  im- 
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mense  column  of  mud  arose  to  the  heigiit  of  about  one  hundred 
feet,  which  abandoned  by  the  impulsive  force,  assumed  the  ap- 
pearance of  a  large  tree  at  the  top.  In  the  middle,  stones  of  all 
kinds  and  sizes  were  darted  violently  and  vertically,  within  the 
body  of  the  column.  This  terrible  explosion  lasted  half  an  hour, 
when  it  became  quiet ;  but  after  a  few  minutes  resumed  its  coune, 
and  with  these  intermissions  continued  all  the  day.  During  the  time 
of  this  phenomenon,  a  pungent  odour  of  sulphuretted  hydrogen 
gas  was  perceived  at  a  great  distance,  to  the  surprise  of  the  in- 
habitants, who  did  not  dare  to  approach  this  spot  on  account  of 
the  horrible  noises.  But  many  came  the  following  day,  and  found 
that  the  new  great  orifice  had  ejected  several  streams  of  liqiud 
chalk  (creta ;)  which  had  covered,  with  an  ashy  crust  of  many 
feet,  all  the  surrounding  space,  filling  the  cavities  and  chinks. 
The  hard  substances  ejected  were  fragments  of  calcareous  tnfa, 
of  crystallized  gypsum,  pebbles  of  quartz,  and  iron  pyrites,  which 
had  lost  their  lustre,  and  were  broken  in  pieces.  All  these  sob- 
stances  form  the  outward  circuit  at  this  day.  The  unpleasant 
smell  of  sulphur  still  continued,  and  the  water  which  remained 
in  the  holes  was  hot  for  many  months,  while  a  keen  smell  of  bur- 
ning, issued  from  the  numerous  orifices  around  the  great  gulf, 
which  is  now  completely  filled." 

Volcanos  frequently  occur  in  groups,  sometimes  arranged  along 
a  line  as  if  they  had  originally  been  formed  over  one  vast  chasm, 
like  the  minor  volcanos  on  the  sides  of  iBtna ;  sometimes  they 
are  dispersed  irregularly  over  the  surface,  and  sometimes  they  are 
isolated  like  iEtna,  and  the  Peak  of  TeneriiTe. 

The  volcanos  in  South  America,  Humboldt  observes,  instead 
of  being  isolated  or  dispersed  in  irregular  groups  as  in  Europe, 
are  arranged  in  rows,  like  the  extinct  volcanos  of  Auvergne,  or 
the  volcanos  of  Java ;  sometimes  in  one  line,  and  sometimes  io 
two  parallel  lines.  These  lines  are  generally  in  the  same  direc- 
tion, as  the  chain  of  the  Cordilleras,  but  sometimes  (as  in  Mexico) 
they  form  an  angle  with  it  of  70^  The  volcanos  of  Mexico  be 
further  observes,  are  placed  in  a  narrow  zone  between  latitude 
1 8<>  59'  and  1 9^  1 2\    This  he  regards  as  a  vast  chasm,  seven  hon* 
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dred  and  .fifty  miles  in  length,  extending  from  the  coast  of  the 
Atlantic,  to  that  of  the  Pacific,  and  to  the  islands  of  Revillagie- 
do  in  the  same  direction. 

Our  knowledge  of  volcanic  geography  is  at  present  imperfect, 
but  among  the  principal  volcanic  groups  and  ranges,  the  foilow- 
ing  may  be  briefly  enumerated. 

In  the  Azores,  there  are  no  less  than  forty-two  active  or  dor- 
mant volcanos,  and  submarine  volcanos  not  unfrequently  break 
forth  in  their  vicinity.  Almost  all  the  other  Islands  in  the  Atlan- 
tic, and  many  of  the  West  Indian  Islands,  are  volcanic.  Numer- 
ous Islands  in  the  Pacific  Ocean,  and  the  Indian  Seas,  have  large 
volcanos :  in  the  Island  of  Java  alone,  there  is  a  range  consisting 
of  thirty-eight  large  volcanic  mountains,  some  of  which  are  at 
present  in  an  active  state ;  they  are  detached  from  each  other, 
and  though  some  of  them  are  covered  by  the  vegetation  of  many 
ages,  the  indications  of  their  former  eruptions,  arc  numerous  and 
unequivocal. 

Numerous  volcanos  exist,  near  or  within  the  Arctic  circle,  in 
Kamschatka,  in  Greenland,  and  in  Iceland.  A  range  of  active 
or  dormant  volcanos  extends  from  the  southern  extremity  of 
America,  to  the  northern,  along  a  line  of  six  thousand  miles  in 
length.  Of  the  volcanos  in  northern  Asia,  or  the  interior  of  Af- 
rica, we  have  little  information,  and  the  volcanos  covered  by  the 
sea;  cannot  be  estimated  ;  but  from  the  above  statement,  wc  are 
authorized  in  believing,  that  volcanic  fires  arc  more  extensively 
operative,  than  many  geologists  are  disposed  to  admit. 

Numerous  facts  might  be  cited,  to  prove  the  connection  which 
exists,  between  volcanos  at  a  vast  distance  from  each  other.  In 
1783,  when  a  submarine  volcano  near  Iceland,  suddenly  ceased 
its  eruptions,  a  volcano  broke  out  two  hundred  miles  distant  in 
the  interior  of  the  Island.  On  the  night  in  which  Lima  and  Callao 
were  destroyed  by  an  earthquake,  four  new  volcanos  broke  out  in 
the  Andes.  The  source  of  volcanic  fire  is  seated  deep  under  the 
surface  of  the  earth  ;  were  it  not  so,  the  ground  in  their  vicinity 
would  sink  down.    Yet  iEtna  has  continued  to  pour  out  streams 
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of  lava  for  three  tbousand  Tears,  and  Stromboli  has  had  diilr 
eruptions,  for  nearly  as  long  a  period.* 

There  are  some  instances,  of  volcanos  bafiog  been  entirdj 
engulphed  in  the  chasms  beneath  them.  The  volcano  of  the 
Pic  in  the  Island  of  Timor,  one  of  the  Moluccas,  is  known  to 
have  sened  as  a  prodigious  watch-light,  which  was  seen  at  sea  tt 
the  distance  of  three  hundred  miles.  In  the  year  1 638,  the  moan- 
tain  during  a  violent  eruption  entirely  disappeared,  and  in  iti 
place,  there  is  now  a  lake.  Many  of  the  circular  lakes  in  the 
South  of  Italy  are  supposed  to  have  been  formed  by  the  sinkiiig 
down  of  volcanos ;  but  the  best  authenticated  account  we  haire 
of  the  destruction  of  a  volcanic  mountain,  is  given  by  Grovemor 
Raffles  in  his  History  of  Java. 

**'  The  Papandayang,  situated  at  the  western  part  of  the  district 
of  Cheribor,  in  the  province  of  Sukapura,  was  formerly  one  of 
the  largest  volcanos  in  the  Island  of  Java ;  but  the  greatest  pirt 
of  it  was  swallowed  up  in  the  earth,  after  a  short  but  veiy  se- 
vere combustion  in  the  year  1773.  The  account  which  has  re- 
mained of  this  event  asserts,  that  near  midnight,  between  the 
1 1  th  and  1 2th  of  August,  there  was  observed  about  the  moun- 
tain an  uncommonly  luminous  cloud,  by  which  it  appeared  to  be 
completely  enveloped.  The  inhabitants  as  well  about  the  fort, 
as  on  the  declivities  of  the  mountain,  alarmed  by  this  appearance, 
betook  themselves  to  flight ;  but  before  they  could  all  save  them- 


*  Since  the  period  of  authentic  history,  no  great  changes  have  taken  plaee  in  the 
country  around  iEtna ;  but  it  appears  from  Virgil,  as  well  as  fipom  a  pisiigr  fai  Sin- 
bo,  before  quoted,  that  an  ancient  traditioo  existed  of  a  sudden  sepwatloa  of  &diy 
from  Italy. 

**  Hsc  loca,  vi  quondam  ot  vast^  convulsa  mini 

Dissiluisso  ferunt :  c6m  protinus  utraque  teUus 

Una  foret,  venit  medio  vi  pontus,  et  undis 

Hesperium  Stculo  latus  absddit ;  anraque  et  urbes 

Littore  diductas  angusto  interluit  cstu." — JEn,  1.  iii. 
Probably  this  separation  took  place  when  iEtna  emerged  from  the  ocean ;  die  k- 
currence  of  beds  of  limestone  with  shells  upon  its  sides,  proves  that  it  wuoii^^y 
a  submarine  volcano. 
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selves,  the  mountain  began  to  give  way,  and  the  greatest  part  of 
it  actually  /eU  m,  and  disappeared  in  the  earth.  At  the  same 
time  a  tremendous  noise  was  heard,  resembling  the  discharge  of 
the  heaviest  cannon.  Immense  quantities  of  volcanic  substan- 
ces, which  were  thrown  out  at  the  same  time,  and  spread  in  every 
direction,  propagated  the  effects  of  the  explosion  through  the 
space  of  many  miles. 

*'  It  is  estimated  that  an  extent  of  ground  of  the  mountain  it- 
self, and  its  immediate  environs,  fifteen  miles  long,  and  full  six 
broad,  was  by  this  commotion  swallowed  up  in  the  bowels  of  the 
earth.  Several  persons  sent  to  examine  the  condition  of  the 
neighbourhood,  made  report  that  they  found  it  impossible  to  ap- 
proach the  place  where  the  mountain  stood,  on  account  of  the 
heat  of  the  substances  which  covered  its  circumference,  and 
which  were  piled  on  each  other  ;  although  this  was  the  24th  of 
September,  and  thus  full  six  weeks  after  the  catastrophe.  It  is 
also  mentioned,  that  forty  villages,  partly  swallowed  up  by  the 
ground,  and  partly  covered  by  the  substances  thrown  out,  were 
destroyed  on  this  occasion,  and  that  two  thousand  nine  hundred 
and  fifty-seven  of  the  inhabitants  perished.  A  proportionate 
number  of  cattle  was  also  destroyed,  and  most  of  the  plantations 
of  cotton,  indigo,  and  coftee,  in  the  adjacent  districts,  were  bu- 
ried under  the  volcanic  matter.  The  effects  of  this  explosion 
are  still  very  apparent  in  the  remains  of  this  volcano.^' 

It  has  been  already  stated,  that  the  volcanos  in  the  Andes, 
more  frequently  throw  out  water  and  mud,  than  lava.  The  dam- 
age which  these  aqueous  and  muddy  eruptions  occasion  is  often 
prodigiously  great.  Sometimes  the  deluge  of  water  attending  a 
volcanic  explosion,  does  not  come  from  the  interior  of  the  earth, 
bat  from  the  snow  which  covers  the  mountain  being  rapidly  dis- 
solved ;  but  in  other  instances,  it  proceeds  from  the  crater.  In- 
terior cavities  of  vast  extent  and  depth  containing  water,  are  open- 
ed during  an  eruption,  and  the  water  coming  into  contact  with 
ignited  lava,  is  forcibly  driven  out,  and,  according  to  Humboldt, 
carries  along  with  it  a  great  quantity  of  small  fishes,  which  he 
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has  denominated  ptmelodes  Cyclopum.*  These  fishes  are  abo«l 
four  inches  in  length,  and  are  of  the  same  species  that  inhabit  the 
neighbouring  brooks  and  lakes :  the  number  thrown  out  is  some- 
times  so  great,  that  their  putrefaction  contaminates  the  air,  and 
occasions  serious  maladies  among  the  inhabitants  of  the  adjacent 
country. 

Though  the  water  ejected  from  volcanos  may  in  many  instan- 
ces be  regarded  as  of  accidental  occurrence,  I  conceive  it  to  be 
different  from  those  muddy  eruptions,  which  cover  large  tracts  of 
country  with  strata  containing  bituminous  or  inftammable  matter : 
these  strata  are  as  essentially  volcanic  products,  as  the  matter 
thrown  out  of  the  volcano  of  Macaluba  in  Sicily,  which  never 
ejects  lava ;  and  we  are  hence  instructed,  that  one  of  the  sob* 
stances  which  promotes  volcanic  combustion  is  bitumen  or  car- 
bon. The  muddy  eruptipns  in  the  Andes,  when  first  ejected, 
have  little  consistence  or  tenacity ;  but  they  soon  become  hard, 
and  form  what  is  called  by  the  inhabitants  moya  ;  it  is  dark  col- 
oured and  soils  the  fingers,  and  is  used  instead  of  turf  for  fuel. 

Boiling  springs,  and  thermal  waters,  must  be  classed  with  vol- 
canic phenomena ;  for  it  can  scarcely  be  doubted,  that  the  gey- 
sers in  Iceland,  which  throw  up  columns  of  boiling  water,  at  in- 
tervals, to  the  height  of  seventy  or  eighty  feet,  are  occasioned  by 
the  subterranean  fires  which  extend  under  that  island :  to  the 
same  cause  must  be  ascribed  the  boiling  fountains  in  the  Island 
of  St.  Michael,  one  of  the  Azores.  The  hot  springs  in  the  vicin- 
ity of  the  Pyrenees,  in  Italy,  and  in  other  parts  of  the  world,  may 
with  much  probability  be  supposed  to  have  a  similar  source  of 
heat  The  unvaried  equality  of  their  temperature  for  centuries, 
proves  that  this  source  lies  far  below  the  agency  of  those  causes 
which  operate  on  the  surface.  It  has  been  remarked,  that  hot 
springs  are  most  fi'equeut  in  volcanic  and  basaltic  countries. 
Though  no  active  volcano  exists  in  the  Pyrenees,  M .  Dralet,  in 


*  It  ought  to  be  stated,  that  the  existence  of  internal  cavities  filled  with  water 
supplied  fiiom  the  melted  snow,  is  an  inference  fit>ni  volcanic  phenomena,  which,  how- 
•rer  reasonable  it  may  appear,  it  is  impossible  to  prove. 
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his  Dhcr^iOion  des  Pyrenees^  says,  '*  that  the  hot  springs  and  fre- 
quent earthquakes  in  difierent  parts  of  this  chain,  offer  proofs  of 
the  present  operation  of  subterranean  fires/^  Some  notice  of 
the  thermal  springs  in  the  Alps  has  been  taken  Chap.  V.  p.  79. 

However  powerful  the  effects  of  subterranean  fire  may  be  in 
various  parts  of  the  globe,  we  must  conclude  from  the  remains  of 
ancient  volcanos,  that  in  a  former  period,  the  action  of  volcanic 
fire  has  been  far  more  extensive  and  intense  than  at  present. 

According  to  Breislak,  an  Italian  geologist,  in  a  space  of  twen- 
ty miles  in  length  and  ten  in  breadth,  between  Naples  and  Cumea, 
there  are  no  less  than  sixty  craters,  some  of  them  are  larger  than 
that  of  Vesuvius ;  one  of  them  is  two  miles  in  diameter. 

The  city  of  Cumea,  founded  twelve  hundred  years  before  the 
Christian  sera,  is  built  in  the  crater  of  an  ancient  volcano.  In 
other  parts  of  Italy,  there  are  undoubted  vestiges  of  ancient  vol- 
canos. In  Sicily,  there  are  a  number  of  extinct  volcanos,  beside 
those  connected  with  iEtna.  Many  islands  in  the  Grecian  Archi- 
pelago are  volcanic.  There  are  remains  of  large  volcanic  craters 
in  Spain  and  Portugal :  and  the  extinct  volcanic  mountains  in  the 
middle  and  southern  parts  of  France,  cover  several  thousand 
square  miles.  On  the  eastern  banks  of  the  Rhine,  in  the  Brisgau, 
and  the  environs  of  Andernach,  there  are  numerous  extinct  vol- 
canos. 

It  is  further  to  be  noticed,  that  the  craters  of  ancient  volcanos 
are  many  of  them  of  far  greater  size  than  the  present  ones.  Ve- 
suvius is  a  comparatively  small  cone,  raised  within  the  crater  of 
a  larger  volcano.  The  cone  of  the  Peak  of  Teneriffe,  according 
to  the  description  of  travellers,  stands  within  a  volcanic  plain, 
containing  twelve  square  leagues  of  surface,  surrounded  by  per- 
pendicular precipices  and  mountains,  which  were  the  border  of 
the  ancient  crater.  If  the  opinion  of  M.  Humboldt  be  correct, 
all  these  craters  are  diminutive  apertures,  compared  with  the  im- 
mense chasms  through  which,  in  remote  ages,  subterranean  fire 
has  forced  a  passage  through  the  crust  of  the  globe. 

^The  whole  of  the  mountainous  parts  of  Quito,^^  he  says, 
^  may  be  considered  as  one  immense  volcano,  occupying  more 
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than  Beven  hundred  square  leagues  of  surface,  and  thromng  mn 
flames  by  different  cones,  known  by  the  denominations  of  CSolo- 
paxi,  Tungurahua,  and  Pichincha.  In  like  manner,^*  be  adds, 
*'  the  whole  groupe  of  the  Canary  Islands  is  placed  as  it  were  oa 
one  submarine  volcano.  The  fire  forces  a  passage  sometimes 
through  one,  and  sometimes  through  another  of  these  islandsL 
Teneriffe  alone  contains  in  its  centre  an  immense  pyramid  ter 
minated  by  a  crater,  and  throwing  out  from  one  century  to  anotli> 
er,  lava  by  its  flanks.  In  the  other  Canary  Islands,  the  different 
eruptions  take  place  in  various  parts,  and  we  nowhere  find  those 
isolated  mountains  to  which  volcanic  effects  are  restrained*  The 
basaltic  crust  formed  by  ancient  volcanos  seems  eyery  wbeie  ufr 
dermined ;  and  the  currents  of  lava  seen  at  Lanzerote  and  Pal- 
ma  remind  us,'*  he  adds,  "  by  every  geological  aflinity^  of  the 
eruption  which  took  place  in  1301  at  the  Isle  of  Iscbia,  amid  the 
tufas  of  Epimeo.** 

In  the  preceding  part  of  the  present  chapter,  I  have  endeav- 
oured to  give  a  succinct  account  of  the  most  important  volcanic 
phenomena.  The  only  formations  of  hard  crjrstalline  rocks  in 
the  present  day  are  volcanic ;  and  if  we  trace  the  connectioa 
that  exists  between  modern  and  ancient  volcanic  rocks,  and  be* 
twccn  the  latter  and  the  rocks  of  trap  and  porphjrry,  amoog  the 
ancient  rock-formations,  we  shall  extend  the  dominion  of  Pluto 
over  a  large  portion  of  the  globe. 

Many  of  the  ancient  volcanic  rocks  have  not  flowed  in  currents 
from  limited  apertures,  like  modem  lavas.  ^  The  volcanic  por- 
phyries on  the  back  of  the  Cordilleras,^*  says  M.  Humboldt,  ^  are 
undoubtedly  of  igneous  origin ;  but  the  mode  of  their  forma- 
tion is  not  like  that  of  modern  lavas,  which  have  been  erupted 
since  the  excavation  of  valleys.  The  action  of  volcanic  fire  by 
an  isolated  cone  or  crater  of  a  modern  volcano,  differs  neoessaii- 
ly  from  the  action  of  this  fire,  through  the  Gractured  erase  of  the 
globe""  It  has  been  observed  by  the  same  geologist,  that  the 
further  back  we  can  trace  volcanic  eruptions*  the  greater  is  the 
similarity  between  their  products*  and  the  rocks  which  are  rega^ 
ded  as  the  most  ancient : — hence  the  countries  thai  have 
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the  seats  of  ancient  volcanos,  are  particularly  interesting  to  the 
geologist.  Id  Auvergne  and  the  more  southern  parts  of  France, 
there  are  extinct  volcanos  of  different  ages,  covering  with  their 
products  several  thousand  square  miles.  The  most  recent  of 
these  volcanos  has  been  extinct  or  dormant  since  the  records  of 
authentic  history,  and  probably  for  a  longer  period.  Julhis  Cae- 
sar, who  was  encamped  on  this  volcanic  soil,  and  has  described 
the  country,  makes  no  allusion  to  its  having  been  the  seat  of  ac- 
tive volcanos.* 

West  of  the  town  of  Clermont,  there  is  an  extensive  granitic 
plain  rising  about  sixteen  hundred  feet  above  the  level  of  the  river 
Aliier.  On  this  plain,  there  are  numerous  cones,  and  dome- 
shaped  hills,  varying  in  height  from  twelve  hundred  to  two  thou- 
sand feet ;  some  of  these  cones  have  well-preserved  craters,  and 
the  cones  themselves  are  chiefly  formed  of  scoriaccous  lava. 
These  are  the  most  recent  volcanos  of  that  country ;  their  pro- 
ducts difier  in  no  respect  from  those  of  modern  volcanos,  except 
that  the  lava  may  often  be  observed  passing  to  the  state  of  com- 
pact basalt,  exactly  similar  to  many  of  the  basaltic  rocks  in  Great 
Britain.  That  these  volcanos  are  the  most  recent,  is  proved  by 
the  lava  flowing  down  from  them  into  the  present  valleys ;  and 
hence  we  are  certain,  that  the  eruptions  must  have  taken  place, 
subsequently  to  the  excavation  of  the  valleys.  There  are  other 
currents  of  lava  from  more  ancient  volcanos,  that  have  flowed 
before  the  valleys  were  excavated,  and  form  isolated  caps  on  the 
hills  that  inclose  the  present  valleys.  These  currents  of  lava  are 
composed  chiefly  of  compact  basalt :  the  position  of  these  isola- 
ted caps  of  basalt,  is  similar  to  that  on  the  hill  6,  (Plate  3.  fig.  2.) 
bat  they  are  not  always  columnar.  The  openings  from  whence 
these  beds  of  basalt  have  flowed,  cannot  be  always  traced :  but 

*  I  vUted  the  estinct  volcanos  of  France  in  the  spring  of  1822,  and  published  an 
aecooDtof  them  in  the  2Dd  volume  of  my  Traveb,  accompanied  with  cuts,  and  a  sec- 
Sod  a^  outline  of  the  country  round  Clermont,  which  is  I  believe  the  first  attempt 
,to  render  in  this  manner  the  structure  of  this  volcanic  district  intelligible  to  the  gen- 
eral reader.  Without  the  aid  of  sections  and  diagrams,  it  is  difficult  to  obtain  a  dis- 
tinct notion  of  the  relative  position  of  the  difierent  volcanic  formatiiims. 

34 
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as  wc  can  observe  the  change  from  scoriaceous  lava  to  basalt  in 
the  currents  of  undoubted  lava,  we  cannot  hesitate  to  admit,  that 
the  basalt  which  fornas  these  caps,  must  have  had  a  similar  ori- 
gin. Under  the  caps  of  basalt,  there  are  in  many  situations  thick 
beds  of  volcanic  tufa,  containing  bitumen,  which  will  be  subse- 
quently noticed.  Beside  the  volcanos  with  craters,  that  have  ejec-  % 
ted  currents  of  scoriaceous  lava  and  basalt,  and  poured  them  in- 
to the  valleys :  and  beside  the  more  ancient  volcanos,  that  have 
formed  beds  of  basalt  before  the  excavation  of  the  valleys, — there 
are  other  volcanic  mountains,  which  have  rounded  summits  or 
domes,  without  any  perforation  or  crater,  and  these  are  composed 
chiefly  of  whitish  or  gray  earthy  felspar,  containing  imbedded 
crystals  of  felspar :  to  this  rock  the  name  of  trachyte  has  been 
given  on  account  of  its  rough  fracture.  It  may  be  properly  called 
a  volcanic  porphyry^-^ 

The  first  or  more  receh^  volcanos,  resemble  in  every  particular 
the  existing  volcanos  in  vaflmis  parts  of  the  world  ;  and  the  cur- 
rents of  lava  may  be  traced  from  their  sides  along  the  granitic 
plane  on  which  the  volcanos  stand,  and  thence  into  the  adjacent 
valleys  for  many  miles.  The  lava  appears  as  fresh  as  the  recent 
lavas  from  Vesuvius,  though  it  has  been  exposed  to  the  action  of 
the  atmosphere  for  some  thousand  years.  The  Puy  de  Pariou  is 
the  most  perfect  of  these  volcanic  cones.  The  following  descrip- 
tion of  it  is  taken  from  the  2nd  volume  of  my  Travels.  ^^  We 
were  one  hour  in  going  from  La  Barraque,  a  mountain  village, 
to  the  foot  of  the  Puy  de  Pariou,  where  we  left  our  char,  and 
another  hour  in  ascending  to  the  summit,  as  we  halted  several 
times  to  rest.  As  nearly  as  I  could  estimate,-  the  summit  of  this 
mountain  rises  about  one  thousand  feet  above  the  plain,  and  is 
therefore  about  three  thousand  eight  hundred  feet  above  the  lev- 
el of  the  sea.  The  crater,  which  is  the  best  preserved  of  any  in 
Auvergne,  is  nearly  circular.  I  walked  round  it,  and  its  circum- 
ference is  about  eight  hundred  yards.  Its  shape  is  that  of  an  in- 
verted  cone  or  funnel  quite  perfect.  The  edge  or  rim  of  the  cra- 
ter is  narrow,  from  which  the  descent  or  slope  is  very  rapid  on 
each  side ;  the  depth  of  the  crater  from  the  highest  part  of  the 
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edge  (which  is  on  the  southern  side)  to  the  small  plain  at  the  bot- 
tom, may  be  about  three  hundred  and  twenty  feet;  and  from  the 
western  side,  about  two  hundred  and  sixty  English  feet.  The 
lava  which  flowed  from  Pariou  to  La  Barraque,  and  thence  to- 
wards the  plain  of  Clermont,  is  generally  supposed  to  have  issued 
from  the  crater ;  but  had  this  been  the  case,  the  crater  would  not 
have  been  so  entire  as  it  is ;  and  I  am  fully  convinced  that  the 
eruption  of  such  a  mass  of  lava,  must  have  broken  down  one  of 
the  sides,  as  at  Nugere,  which  we  afterwards  visited,  and  the  Pay 
de  Vache.  There  appear,  I  think,  decisive  marks  of  the  lava 
having  flowed  from  an  opening  on  the  north-east  side  of  the  moun- 
tain, to  which  it  may  be  traced.  Indeed  on  this  side  there  are  the 
indications  of  a  much  larger  crater,  which  has  its  escarpments 
turned  toward  the  Puy  de  Pariou  like  those  of  Mount  Somma, 
which  are  turned  towards  Vesuvius.  The  Puy  de  Pariou,  was  in 
all  probability  a  volcanic  cone  formed  within  the  larger  crater  by 
its  last  eruption  of  scorise. 

^^  The  annexed  cut,  from  a  drawing  I  made  near  the  foot  of 
the  mountain,  represents  the  external  shape  of  the  Puy  de  Pariou, 
and  the  dotted  lines  show  the  form  and  the  relative  depth  of  the 
crater,  the  bottom  of  which,  a  a,  is  about  three  hundred  and 
twenty  feet  below  the  highest  part  of  the  rim  c.  The  current  of 
lava,  b  6,  is  on  the  north-east  side  of  the  present  mountain.  The 
internal  shape  of  Pariou  approaches  to  quadrilateral,  or  is  that 
of  a  cone  compressed  on  each  side,  and  somewhat  elongated 
from  north  to  south.  The  bottom  of  the  crater  is  nearly  flat « 
there  was  a  little  water,  from  the  recent  melting  of  the  snow, 
remaining  in  some  of  the  hollows :  indeed  we  were  told  at  Cler- 
mont that  we  should  find  the  crater  filled  with  snow.  It  was 
early  in  May ;  but  the  snow  was  gone,  and  grass  was  growing  in 
some  parts ;  others  were  covered  with  loose  masses  of  scorite. 
Owing  to  the  great  porosity  of  the  soil,  the  crater  of  Parioa 
seems  doomed  to  perpetual  sterility, — there  is  no  tree  or  shrub 
within  it ;  while  that  of  Vesuvius,  after  a  cessation  of  eruptions 
for  only  four  centuries,  was  covered  with  large  chesnut  trees.^^ — 
Vol.  ii.  page  307. 
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In  the  Ptiy  de  Pariou,  and  many  other  volcanic  mountains  of 
this  diBtrict,  there  is  nothing  particularly  remarkable,  except,  that 
the  lavas  which  have  flowed  from  them  at  a  remote  period,  should 
preserve  all  the  freshness  of  recent  lavas,  and  that  volcanos  so 
well  characterized,  both  by  their  forms  and  mineral  products, 
■boold  have  remained  unnoticed  until  the  middle  of  the  last  cen- 
tury. The  round-topped  or  dome-shaped  hill  on  the  left  of  the 
Puy  de  Pariou  is  called  Sarcoui ;  it  belongs  to  that  class  of  vol- 
cano! that  have  no  craters,  which  will  subsequently  be  noticed. 
The  more  ancient  volcanos,  that  have  poured  out  the  thick  beds 
of  basalt  that  cap  many  of  the  valleys  round  Clermont,  cannot 
alwajri  be  traced,  as  the  openings  from  whence  it  issued,  may  be 
covered  by  the  lava  of  more  recent  eruptions.  But  in  order  to 
obtain  a  more  distinct  idea  of  the  position  of  these  caps  of  ba- 
salt, it  will  be  necessary  to  remark,  that  the  granitic  plain  above 
Clermont,  and  the  hollows  or  valleys  in  its  sides,  received  their 
present  Ibrm  prior  to  the  most  ancient  volcanic  eruptions ;  these 
hollows,  or  ancient  valleys,  were  probably  basins  or  lakes,  in 
which  were  deposited  a  vast  thickness  of  calcareous  strata,  con- 
taining freshwater  shells,  and  the  bones  of  land  quadrupeds. 
Into  these  lakes,  there  has  flowed- a  vast  mass  of  volcanic  tufa, 
covering  the  limestone,  and  sometimes  intermixed  with  it.  The 
volcanic  tufa,  and  the  freshwater  strata,  appear  to  have  filled  up 
the  ancient  valleys  or  lakes ;  and  on  this  tufa,  the  basalt  was  de- 
posited by  a  subsequent  eruption.  At  a  later  period,  diluvial  cur- 
rents have  furrowed  excavations  or  new  valleys  in  the  basalt,  the 
rabjacent  tufa,  and  the  freshwater  limestone,  leaving  detached 
portions  or  hills,  composed  of  basalt,  tufa,  and  Umestone,  which 
once  were  parts  of  continuous  beds.  Into  these  new  valleys,  the 
leva  of  the  most  recent  volcanos  has  flowed.  The  most  remar- 
kable circumstance  attending  these  more  ancient  eruptions,  is 
the  bituminous  nature  of  the  tufa,  which  forms  the  lowest  bed, 
and  covers  the  freshwater  limestone  of  Gcrgovia,  Canturges,  and 
the  neighbouring  hills.  This  tufa  is  in  some  parts  more  than  three 
hundred  feet  thick ;  it  consists  of  earthy  basalt  or  wacke,  inter- 
mixed with  lumps  of  scoriie  and  basalt,  and  in  some  places  with 
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limestone :  it  is  every  where  impregnated  with  bitumen.  The 
tufa  of  Auvergne  bears  evident  marks  of  being  the  product  of 
an  aqueous  or  muddy  eruption^  intermixed  with  lava  and  8CoriiB« 
which  increase  in  quantity  in  the  upper  part  of  the  mass,  and  at 
length  cover  it  with  compact  lava  or  basalt.  That  the  tufa  wa» 
ejected  in  an  aqueous  or  muddy  state  is  proved,  by  the  quantity 
of  bitumen  which  it  contains :  by  any  other  mode  of  formation, 
the  bitumen  would  have  been  consumed.  By  some  former  wri- 
ters it  has  been  supposed,  that  the  tufa  is  an  alluvial  bed  of  sed- 
iment, and  water-worn  fragments ;  but  the  bituminous  nature  of 
this  bed,  excludes  the  probability  of  this  mode  of  formation ; 
and  at  Montadoux,  the  upper  part  of  the  tufa  may  be  clearly 
seen  passing  into  basalt.  In  some  situations,  however,  the  tufa 
has  been  transported  from  its  oiiginal  situation,  and  intermixed 
with  fragments  of  more  ancient  rocks. 

The  dome-shaped  hills  without  craters,  composed  of  volcanic 
porphyry  or  trachyte,  have  given  rise  to  much  speculation  respect* 
ing  their  origin.  Some  geologists  contend,  that  they  are  only  the 
remains  of  one  vast  bed  of  trachyte,  of  which  the  other  parts 
are  washed  away.  Others  contend,  that  they  are  merely  por- 
tions of  the  granite  on  which  they  rest ;  and  that  this  granite 
has  been  wholly  or  partially  fused,  and  upheaved,  by  the  expan- 
sive force  of  subterranean  fire.  This  mode  of  formation  is  ren- 
dered probable,  by  what  may  be  observed  at  the  Puy  de  Chopine, 
which  is  a  mountain  standing  within  a  crater ;  this  mountain  is 
composed  partly  of  unaltered  granite  and  sienite,  and  partly  of 
volcanic  trachyte,  and  appears  to  have  been  upheaved,  before 
the  fusion  of  the  granite  had  been  effected. 

The  Puy  de  Dome  near  the  summit  is  composed  chiefly  of 
whitish  trachyte  intermixed  with  unaltered  granite ;  the  lower 
part  of  the  mountain  is  covered  with  scoriaceous  and  compact 
lava.  The  dome  of  this  mountain  rises  two  thousand  feet  above 
the  elevated  granitic  plain  on  which  it  stands,  and  four  thousand 
seven  hundred  and  ninety-seven  feet  above  the  level  of  the  sea: 
it  has  no  crater  or  opening  on  the  top ;  but  Dr.  Daubeny  says, 
two  streams  of  lava  appear  to  have  pierced  the  sides  of  the  moun- 
tain, and  to  have  descended  into  the  valleys.    In  this  respect  the 
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Puy  de  Dome  resembles  the  enormous  dome  of  trachyte  on  the 
lummit  of  Chimborazo,  twenty  thousand  feet  above  the  level  of 
the  sea,  which,  according  to  Humboldt,  acts  mechanically  on  the 
neighbouring  country,  fracturing  the  strata,  and  changing  the 
miface  of  the  soil ;  but  it  has  no  permanent  opening,  either  on 
ts  summit  or  sides.  In  some  of  these  dome-shaped  hills,  the 
iction  of  subterranean  heat  appears  to  have  been  so  intense,  as 
;o  reduce  the  whole  into  a  spongy  pulverulent  mass.  But  what 
s  remarkable,  in  the  middle  of  this  spongy  mass,  lumps  of  scori- 
iccons  lava  are  sometimes  found.  It  has  been  objected  to  the 
brmation  of  trachyte  or  volcanic  porphyry  from  granite,  that  it 
MMitains  a  very  small  portion  of  quartz ;  but  in  this  respect,  it 
esembles  many  granite  rocks  in  Auvergne,  in  which  the  quartz 
B  scarcely  perceptible. 

In  the  volcanic  districts  south  of  Clermont,  the  porphyry  be- 
comes more  compact,  and  assumes  the  hardest  state  of  that  rock ; 
he  base  of  the  stone  is  sometimes  green,  and  the  crystals  of  fel- 
ipar  white :  it  will  receive  a  fine  polish  like  the  green  porphyry  of 
lie  ancients. 

The  basaltic  rocks  also  extend  south  of  Clermont,  into  the  dis- 
:ricts  called  the  Vclay  and  Viverrais,  and  cover  a  great  portion  of 
:he  soil.  Near  Monpczat,  Thueys  and  Jaujac,  according  to  M. 
^aujasSt.  Fond,  there  are  small  volcanic  mountains,  with  distinct 
mrrents  of  lava,  that  appear  to  issue  from  their  feet,  and  flow  in- 

0  the  valleys.  The  lower  part  of  the  lava  is  scoriaceous,  but  the 
ipper  part  is  hard  sonorous  basalt,  arranged  in  columns  as  per- 
ect  as  those  of  Stafia  or  the  Giant^s  Causeway.    We  have  here 

1  decisive  proof  of  the  igneous  formation  of  columnar  basaltic 
"ocks.  **  The  basaltic  formation  extends  into  the  South  of  France, 
:o  the  borders  of  the  Mediterranean  Sea,  where,  near  to  Adge, 
8  the  extinct  volcano  of  Saint  Loup,  the  cellular  lava  of  which, 
8  employed  in  the  construction  of  buildings  on  the  canal  of  Lan- 
piedoc.^^ — D'^Aubuisson.* 

*  In  die  article  *'  Volcano,*'  which  I  wrote  for  Dr.  Rees^s  Cyclopaedia,  I  endeav- 
mnd  to  ooQect  aU  the  moit  important  details  of  volcanic  phenomena  then  known, 
nd  hsve  given  an  account  of  different  experiments  made  on  lava,  by  Spallansani 
lad  otiieitt  which  the  limits  of  the  present  volume  will  not  allow  ma  to  notice. 
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Pseudo  Volcanos. — ^To  the  accidental  combustion  of  beds  of 
coal,  the  Germans  have  given  the  name  of  Pseudo  volcanot. 
There  are  instances  of  coal  mines  having  been  on  fire  for  manj 
years ;  but  they  are  too  Umited  in  extent  or  activity,  to  bear  any 
comparison  with  volcanic  fires.  Near  Bilston  in  Staffordshire, 
there  are  coal  mines  which  have  been  continually  burning  for  a 
long  period ;  the  eflect  of  the  fire  on  the  beds  of  clay  deserves 
notice,  as  it  converts  them  into  a  substance  resembling  jasper. 

There  have  been  instances  of  portions  of  the  difis  of  Eng* 
land  taking  fire  spontaneously,  and  burning  for  a  considerable 
time ;  this  is  at  present  the  case  in  a  cliff  near  Weymouth.  In  the 
last  century,  after  a  hot  summer  and  heavy  rains,  the  cliff  near 
Charmouth  in  Dorsetshire,  took  fire,  and  continued  borniDg  for 
several  months.  When  portions  of  the  clifi  near  Whitby  in 
Yorkshire  fall  upon  the  beach,  and  become  mobtened,  they  are 
sometimes  spontaneously  ignited.  The  same  effect  takes  place 
in  the  Staffordshire  coal  mines :  when  parts  of  the  bed  of  indu* 
rated  clay  which  forms  the  roof  of  the  coal  fall  down,  and  be- 
come moistened,  it  takes  fire  spontaneously ;  and  hence  this  com- 
bustible clay  is  provincially  called  taw.  All  these  instances  of  spen* 
taneous  combustion  admit  of  a  satisfactory  explanation.  The  cMA 
of  Charmouth,  and  Whitby  are  composed  of  lias  clay,  much  in* 
termixed  with  bituminous  and  carbonaceous  matter,  and  the  sul- 
phuret  of  iron  (iron  pyrites :)  such  is  also  the  composition  of  the 
inflammable  clay  which  forms  the  roof  of  the  coal  in  Stafford* 
shire ;  and  the  clunch-clay  which  forms  the  cliffs  near  Weymouth, 
is  generally  very  similar  in  composition  to  the  lias  clay  of  Char- 
mouth and  Whitby.  Iron  pyrites  abounds  in  these  clifis ;  and  it 
is  a  well  known  property  of  this  mineral,  to  decompose  rapidly 
when  laid  in  heaps  and  moistened  with  water.  During  this  rap- 
id decomposition,  suflicient  heat  is  evolved  to  ignite  the  bitumin- 
ous matter  in  the  clay :  and  the  clay  when  once  ignited,  will  bum 
for  a  long  period ; — this  is  proved  in  the  process  employed  for 
making  alum  at  Whitby.  There  can  be  little  doubt  that  this 
spontaneous  combustion  might  be  imitated  artificially  by  mixing 
pjrrites  and  bituminous  clay  or  shale,  and  moistening  the  heap 
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with  water.  The  experiment  of  Lemery  is  well  known:  he  mix- 
ed  tweoty-five  pounds  of  powdered  sulphur  with  an  equal  weight 
of  iron  ilings ;  and  having  made  with  water  a  paste  of  the  mix- 
ture, be  put  it  into  an  iron  pot  covered  with  a  cloth,  and  buried 
it  a  foot  under  ground.  In  about  eight  hours  the  earth  swelled 
and  cracked,  and  hot  sulphureous  vapours  were  exhaled ;  a  flame 
wai  obienred  to  issue  through  the  cracks,  and  the  ground  was 
covered  with  a  yellow  and  black  powder :  thus  a  subterraneous 
fire  was  produced  by  the  chemical  combination  of  sulphur,  iron, 
and  water.  In  the  cliSs  of  Charmouth,  Whitby  and  Weymouth, 
we  have  precisely  the  same  mineral  substances  combined,  that 
are  used  in  the  experiment  of  Lemery. 

The  earth  itself  is  in  all  probability  the  great  laboratory,  in 
whidi  by  the  aid  of  subterranean  heat,  are  combined  and  pre- 
pared the  mineral  substances  that  compose  the  hard  crystalline 
crust  of  the  globe.  All  the  minerals  which  form  primary  rocks, 
occur  in  a  perfect  state  in  modern  or  ancient  lava.  The  substan- 
ces ejected  through  fissures  in  the  earth,  or  volcanos,  belong  to  the 
four  grand  divisions  of  the  mineral  kingdom, — the  inflammable, 
aaline,  metallic,  or  earthy. 

The  inflammable  substances  are  sulphur,  carbon,  and  hydro- 
gen. Though  sulphur  may  be  one  of  the  supporters  of  volcan- 
ic combustion,  its  inflammable  nature  prevents  its  being  found  in 
lava  in  a  ^lid  form ;  during  volcanic  eruptions  it  is  evolved  in  a 
gaaeoui  state,  combined  with  hydrogen.  It  is  also  sublimed  from 
the  fissures  of  extinct  or  dormant  volcanos,  and  forms  thick  in- 
cnittations  on  the  sides  of  the  craters.  Almost  all  the  sulphur 
of  commerce  in  Europe  is  procured  from  the  craters  of  dormant 
volcanos  in  the  South  of  Italy,  Sicily,  and  the  Lipari  Islands. 
When  the  combustion  of  sulphur  in  volcanos  takes  place  where 
there  is  access  to  atmospheric  air,  it  forms  sulphureous  acid  gas, 
and  sulphuric  acid. 

Carbon  combined  with  hydrogen,  forming  bitumen,  is  found 
in  volcanic  rocks.  The  volcanic  tufa  in  the  vicinity  of  Clermont 
in  France,  contains  so  much  bitumen,  that  in  warm  days  it  oozes 
out,  and  forms  streams  of  bitumen  resembling  pitch,  which  is 

35 
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the  more  remarkable,  as  this  tiifa  roust  have  been  erupted  sone 
thousand  years.  Bitumen  has  been  observed  oocing  out  of  the 
lava  of  iEtna.  The  moya  erupted  from  the  voicanoa  in  the  A» 
des  in  aqueous  or  muddy  eruptions,  contains  so  much  bitumea 
or  carbon,,  as  to  be  inflammable.  As  bitumen  exists  in  many 
volcanic  rocks,  the  black  smoke  which  issues  during  an  eraptioD, 
may  proceed  from  its  combustion,  though  it  has  generally  been 
supposed  to  consist  of  minute  volcanic  sand,  called  ashes.  Ca^ 
bon  also  combines  with  hydrogen  in  a  gaseous  state,  and  formi 
carburetted  hydrogen  gas. 

The  hydrogen  gas  evolved  from  volcanos,  or  from  chasms  in 
the  earth  during  earthquakes,  is  generally  combined  with  sul- 
phur or  carbon ;  it  is  probably  formed  by  the  decomposition 
of  water,  when  it  finds  access  to  subterranean  fire.     Whether 
phosphorus  be  a  product  of  volcanos  is  unknown :  its  extreme 
inflammability  prevents  it  from  being  discovered  in  a  concrete 
form;  but  the  dense  white  clouds  like  bales  of  cotton,  which 
sometimes  cover  Vesuvius,  resemble  the  fumes  produced  by  the 
combustion  of  phosphorus.     Among  the  products  of  volcanoSi 
only  three  are  combustible  at  a  moderate  temperature  i — sol* 
phur,  hydrogen,  and  carbon.    It  has  been  conjectured  by  Sir 
H.  Davy,  that  the  earths  and  alkalies  which  form  lavas,  exist  in 
the  centre  of  the  globe  in  a  metallic  state,  and  take  fire  by  the 
access  of  water.    This  property  of  the  newly  discovered  metab, 
to  inflame  instantly  on  the  access  of  water,  by  which  they  are 
converted  into  earths  or  alkalies,  ofiers  an  easy  explanation  of  the 
origin  of  volcanic  fires,  could  we  suppose  that  substances  so  ex- 
tremely inflammable  and  oxidable,  have  remained  for  ages  in  a 
metallic  state.     There  may,  however,  be  processes  going  on  in 
the  vast  laboratory  of  the  globe,  that  separate  the  earths  from 
oxygen,  and  prepare  them  for  the  support  of  volcanic  fires,  by 
which  they  are  thrown  upon  the  surface,  and  thus  establish  a  com- 
munication between  the  internal  and  external  parts  of  our  planet. 
*  The  saline  products  of  v(^anos  are  not  numerous.     The  sul- 
phureotis  and  sulphuric  acids  formed  by  the  combustion  of  sul- 
phur during  eruptions,  act  upon  lavas  and  rocks,  and  produce 
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diflferedt  combinations,  of  which  the  roost  important  are  alum, 
sulphate  of  magnesia,  of  iron,  or  green  copperas  and  gypsum. 
Muriate  of  ammonia  or  sal-ammoniac  forms  an  incrustation  on 
many  laTas  soon  after  they  cool :  muriate  of  soda  or  common  salt, 
and  muriate  of  copper  and  of  iron,  are  found  in  the  craters  of 
volcanos.  Muriatic  acid  in  an  uncorobined  state  occurs  in  some 
of  the  spongy  lavas  in  Auvergne. 

The  principal  metallic  substances  in  volcanic  rocks,  are  iron 
and  titanium ;  but  ores  of  antimony,  copper,  and  manganese, 
have  sometimes  been  found  in  the  craters  of  volcanos.  Teliuri- 
om,  gold  and  mercury,  are  also  said  to  occur  in  some  volcanic 
rocks.  The  island  of  Ischia,  which  is  entirely  volcanic,  coiUains 
a  mine  of  gold. 

Iron,  in  the  form  of  brilliant  laminsB,  called  specular  iron,  oc- 
curs in  the  cavities  and  fissures  of  many  lavas.  Magnetic  iron- 
ore,  and  oxide  of  iron,  with  iron-sand  and  titanium,  form  a  con* 
■lituent  part  of  nearly  all  dark-coloured  lavas  or  basalt. 

The  earthy  products  of  volcanos  are  either  vitreous,  or  stony, 
or  scoriaceous,  or  spongy,  or  in  loose  grains  or  powder.  Volcanic 
rocks  are  composed  chiefly  of  felspar,  and  the  dark-coloured 
mineral  called  augite  ;  they  contain  also  hornblende  and  grains 
of  magnetic  iron  ore,  with  titanium  and  iron-sand,  and  the  mine- 
ral called  olivine.  Mica,  leucite,  iron  pyrites,  garnets,  rubies,  and 
sircon,  are  also  found  in  some  volcanic  rocks.  The  different 
states  of  lava,  whether  vitreous,  compact,  or  scoriaceous,  depend 
on  the  different  circumstances  under  which  it  has  cooled. — See 
page  169. 

Volcanic -rocks  being  composed  principally  of  the  two  mine- 
rals felspar  and  augite  very  minutely  intermixed,  they  derive  their 
prtncipal  characters  from  the  prevalence  of  one  or  other  of  these 
OiiBerals.  Those  lavas  in  which  felspar  greatly  predominates, 
have  generally  a  whitish  or  grayish  colour,  and  melt  into  a  white 
giaat.  The  lavas  which  contain  a  large  portion  of  augite,  have 
a  dark  colour,  and  melt  into  a  black  glass.  According  to  M. 
Cordier,  all  volcanic  rocks  that  have  flowed  as  lava,  and  which 
appear  the  most  homogeneous,  are  composed  of  microscopic 
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crystalline  particles,  belonging  to  a  small  number  of  minerals, 
particularly  felspar,  augite,  olivine,  and  iron-sand ;  and  the  same 
intermixure  of  minerals  may  be  observed  in  all  scoriaceous  lava 
and  in  basalt. — See  page  140.  To  the  white  or  gray  lava  com- 
posed principally  of  felspar,  the  French  have  given  the  name  of 
trachyte^  from  its  breaking  with  a  rough  surface. 

Trachyte. — Common  or  stony  trachyte,  has  generally  a  whitisb 
or  grayish  colour,  a  dull  earthy  fracture,  and  is  more  or  less  fine* 
grained ;  sometimes  the  grains  are  very  minute,  and  it  has  then  a 
compact  surface,  and  sometimes  a  glistening  lustre,  in  which 
state  it  becomes  pearl-stone.  Its  hardness  is  variable;  some  of 
the  trachytes  near  Clermont  are  spongy,  and  almost  friable.  Tra* 
chyte  melts  readily  into  a  grayish  glass ;  it  generally  contains  im- 
bedded crystaU  of  vitreous  felspar.  Acicular  or  needle-shaped 
crystals  of  hornblende,  hexagonal  crystals  of  mica,  and  grains  of 
iron  sand,  and  laminae  of  specular  iron  ore,  occur  in  trachyte. 
Augite  is  sddom  found  in  the  trachyte  of  Europe,  though  it  is 
common  in  the  trachytes  of  the  Andes.  The  clay-stone  of  Braid 
Hill  near  Edinburgh  nearly  resembles  some  of  the  trachytes  ia 
Auvergne,  but  it  is  not  porphyritic.  Trachyte  may  be  regarded 
as  an  earthy  form  of  felspar ;  it  is  therefore  unnecessary  to  speak 
of  its  constituent  parts.  To  the  variety^of  trachyte  on  the  Puy 
de  Dome,  M.  Von  Buch  has  given  the  name  of  dotnite^ — a  term 
which  the  French  geologists  have  properly  rejected,  as  it  is  only 
common  trachyte,  rather  whiter  than  some  of  the  other  varieties. 
It  has  before  been  stated  that  the  trachytes  in  Auvergne  were 
probably  formed  by  the  more  or  less  perfect  fusion  of  granite ; 
like  the  granite  of  that  district,  they  contain  but  a  very  small 
portion  of  quartz. 

Trachyte  occurs  in  the  Lipari  Islands  in  a  perfectly  vitreous 
state,  forming  obsidian  or  volcanic  glass,  which  is  sometimes  col- 
ourless, and  sometimes  black;  the  black  variety,  however,  forms 
a  white  glass  when  melted.  The  colouring  matter  being  fiigitive, 
b  probably  bitumen :  in  this  respect,  it  differs  from  obsidian 
formed  from  dark  lava  or  basalt,  the  latter  melts  into  a  black 
glass.    Pumice  appears  to  have  been  formed  firom  felspar,  or  tra- 
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ehyte,  exposed  to  an  intense  heat  which  has  reduced  it  to  a  fi* 
broQsmasB* 

The  island  of  Lipari  contains  a  mountain  entirely  formed  of 
white  pumice ;  when  seen  at  a  distance,  it  excites  the  idea,  that 
it  is  coTered  with  snow  from  the  summit  to  the  foot.  Almost  all 
the  pumice-stone  employed  in  commerce,  is  brought  from  this 
immense  mine.  The  mountain  is  not  one  compact  mass,  but  is 
composed  of  balls  or  globes  of  pumice  aggregated  together,  but 
without  adhesion.  From  hence  Spallanzani  infers  that  the  pum- 
ice was  thrown  out  of  a  volcano  in  a  state  of  fusion,  and  took  a 
globose  form  in  the  air.  Some  of  these  balls  of  pumice  do  not 
exceed  the  tize  of  a  nut,  others  are  a  foot  or  more  in  diameter. 
Many  of  these  pumices  are  so  compact,  that  no  pores  or  filaments 
are  Visible  to  the  eye ;  when  viewed  with  a  lens,  they  appear  like 
an  accumulation  of  small  flakes  of  ice.  Though  apparently 
compact,  they  swim  on  water.  Other  pumices  contain  pores  and 
cavities,  and  are  composed  of  shining  white  filaments.  By  a 
long  continued  heat,  pumice-stone  melts  into  a  vitreous  semi- 
transparent  mass,  in  which  a  number  of  small  crystals  of  white 
felspar  are  seen.  Black  or  dark-coloured  pumice  is  more  uncom- 
mon. Humboldt  says,  he  has  seen  black  pumice  in  which  augite 
and  hornblende  may  be  recognised  ;  he  is  inclined  to  think  that 
such  substances  owe  their  origin  to  basaltic  lavas,  which  have 
assumed  a  capillary  or  fibrous  form  by  intense  heat. 

Immense  quantities  of  pumice  are  sometimes  thrown  up  by 
submarine  volcanos.  It  has  been  seen  floating  upon  the  sea 
over  a  space  of  three  hundred  miles,  at  a  great  distance  from  any 
knopm  volcano ;  and  from  hence  it  may  be  inferred,  that  subma- 
rine voleanos  sometimes  break  out  at  such  vast  depths  under  the 
ocean,  that  none  of  their  products  reach  the  surface,  except 
such  as  are  Ughter  than  water. 

'  Obsidian  or  volcanic  glass  so  nearly  resembles  lumps  of  black 
glass,  that  they  can  scarcely  be  distiuguished  by  the  unpractised 
observer.  Its  broken  surface  is  smooth,  conchoidal  and  shining: 
the  most  common  colour  of  obsidian  is  a  velvet  black.  The  thin- 
ner pieces  are  translucent.    It  is  harder  than  glass,  and  strikes 
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fire  with  steel.  It  is  common  in  the  neighbourhood  of  Tplcanoii 
and  in  some  basahic  formations.  The  obsidian  accompanying 
basalt,  contains  a  large  portion  of  aogite,  and  melts  into  a  blade 
glass  as  before  mentioned ;  in  other  respects  its  mineral  charac* 
ters  are  the  same  as  those  of  obsidian  from  trachyte.  In  Lipari, 
one  of  the  volcanic  isles,  the  mountain  de  la  Castagna,  accord^ 
ing  to  Spallanzani,  is  wholly  composed  of  volcanic  glass,  whidi 
appears  to  have  flowed  in  successive  currents,  like  streams  of 
wafer,  falling  with  a  rapid  descent  and  suddenly  frozen.  This 
glass  is  sometimes  compact,  and  sometimes  porous  and  spongy. 
Numerous  veins  of  obsidian  are-  said  to  intersect  the  cone  of 
Mount  Vesuvius,  and  serve  as  a  cement,  to  keep  together  th6 
loose  materials  of  which  it  is  composed. 

On  the  elevated  plain  which  surrounds  the  conical  peak  of 
Tenerifie,  there  are  masses  of  obsidian,  which  graduates  into 
pitchstone,  containing  crystals  of  white  felspar.    On  the  south 
west  side  of  the  peak,  there  is  a  stream  of  vitreous  lava  or  obsid- 
ian several  miles  in  length.     Colonel  Imrie  describes  a  current  of 
lava  in  the  island  of  Felicuda  intermixed  with  obsidian,  which 
had  been  flowing  with  it,  and  now  formed  part  of  the  congealed 
stream.     ^^  In  some  parts  the  obsidian  is  seen  losing  its  brillian- 
cy, and  passing  into  granular  lava,  which  becomes  similar  in 
colour,  fracture,  and  texture,  to  the  other  parts  of  the  stream. 
Where  the  obsidian  appears  in  a  state  of  perfect  glass,  it  is  very 
near  to  where  it  has  been  first  ejected  from  the  side  of  the  crater, 
and  in  a  situation  where  it  must  have  undergone  a  rapid  cooling. 
In  some  parts  of  these  congealed  streams,  I  could  trace  a  transi* 
tion  of  the  obsidian  into  pumice.     In  these  places,  the  obsidian 
contained  scattered  air  globules,  which   were  almost  always 
lengthened  in  the  direction  of  the  stream.    These  globules  grad- 
ually augmented  in  number,  until  the  whole  substance  became  % 
light,  fragile,  and  frothy  pumice.^^*    Obsidian  is  found  in  the  cra- 
ter of  Vulcano,  one  of  the  iEolian  islands,  and  may  be  seen 
forming  there  at  the  present  time. 

*  Memofin  oif  the  Wemerian  Society,  vol.  Ii»  p.  47. 
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Racks  of  trachyte  sometimes,  though  rarely,  have  a  columnar 
structure;  owing  to  the  facility  with  which  trachyte  breaks  down, 
it  forms  beds  of  conglomerate  intermixed  with  scoriae  and  pumice. 
The  more  finely  comminuted  parts  of  trachyte,  intermixed  with 
earthy  m^tter^  form  beds  of  tufa.  These  beds  of  conglomerate 
and  tufa  frequently  environ  trachytic  mountains,  and  hide  from 
the  view  of  the  geologist,  their  connection  with  the  subjacent 
rocks. 

When  trachyte  becomes  compact  and  hard,  and  acquires  a 
laminar  or  slaty  structure,  it  passes  into  clinkstone  or  phonolittf, 
so  called  on  account  of  its  yielding  a  metallic  sound,  when  struck. 
•*-See  Chap.  V.  where  it  is  observed,  that  dark  lava  or  basalt  also 
passes  into  clinkstone.  Thus  it  appears  that  both  the  light-col- 
oured lava  or  trachyte,  and  the  dark-coloured  lava  or  basalt,  ac- 
cording to  the  different  degrees  of  heat  to  which  they  have  been 
subjected,  or  the  different  circumstances  under  which  they  have 
cooled,  form  volcanic  glass,  clinkstone,  or  pumice ;  and  the  only 
diftrsDce  to  be  observed  in  the  minerals  formed  from  the  tra- 
chyte or  the  basalt,  is  a  difference  of  colour  in  the  minerals  them- 
selves, or  in  the  glass  which  they  yield  when  melted.  Black  pum- 
ice from  basalt  is  however  very  rare.*  Basaltic  dykes,  and  the 
overlying  rocks  of  porphyry,  trap  and  basalt,  described  in  the 
9th  chapter,  ought  I  am  persuaded,  to  be  classed  with  ancient 
volcanic  rocks;  but  their  igneous  origin  is  not  yet  universally  ad- 
mitted, and  it  is  desirable  to  separate  theoretical  views,  from  a 
description  of  facts.  This,  however,  cannot  always  be  done ; 
circumstances  which  indicate  the  mode  of  rock-formations,  wiH 

*  AceordlDg  to  the  nicnwcoiiic  and  mechanical  analj^fii  by  M.  Cordier,  of  Kght- 
coloQfSi  ad  dark  lavas,  (whether  compact  or  tcoriaceoai,)  it  appeara  tfiat  the 
ilODjr  Isvii  which  melt  into  a  white  glass,  contain  ninety  per  cent  ef  felspar.  Those 
iftVM  which  melt  into  a  bottle  green  glass  or  enamel,  contain  only  from  fifty-five  to 
OTSMily  per  cent  of  felspar;  such  are  the  greenish,  grayish, or  dark-coloared  basalt 
Qm  a  nUcroscopic  examination  of  dark  lava  or  basalt,  it  appears  to  consist  of  rainote 
cryilaUiDe  grains.  Hie  whitish  grains  belong  chiefly  to  felspar,  bat  in  the  la?a 
floai  Vesavfiis,  to  leucite ;  a  small  proportion  of  these  grains  are  chrysolite,  ne 
yanowisb  or  greenish  grains  beking  to  augitc  and  hornblende :  those  of  angite  are 
roonded  and  irregular,  with  a  vitreous  fracture,  and  splendent  lustre.    The  grains 
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deservedly  force  themselves  on  our  attention ;  and  in  stating  them 
fairly,  and  the  inferences  which  may  be  drawn  from  them,  we  re* 
]ieve  Geology  from  much  of  its  dryness,  and  stimulate  succeed- 
ing observers  to  a  strict  investigation  of  nature. 

Dark-coloured  recent  lava  does  not  differ  essentially  from  ber> 
salt ;  it  is  generally  more  porous.  Probably  the  compact  stale 
of  basalt  was  the  result  of  refrigeration  under  pressure:  it  may 
however  be  frequently  observed  in  Auvergne,  passing  into  the 
state  of  scoriaceous  lava.  Some  of  the  recent  lavas  from  Vesu- 
vius are  compact,  and  have  a  glistening  lustre,  but  they  are  more 
commonly  porous.  In  some  volcanic  eruptions,  lava  appears  to 
have  acquired  the  most  perfect  fluidity.  According  to  Professor 
Bottis,  who  was  an  eye-witness  of  the  eruption  of  Vesuvius  ie 
1776,  the  lava  spouted  from  three  small  apertures,  precisely  like 
water,  forming  beautiful  fountains  of  fire,  which  described  curves 
of  different  dimensions  as  they  fell.  In  the  same  year,  a  current 
of  lava  from  the  summit  of  Vesuvius  flowed  with  the  velocity  of 
a  mile  and  a  half  in  fourteen  minutes;  it  struck  upon  the  lava  of 
1771,  and  rebounded  into  the  air,  congealing  in  figures  of  various 
shapes.  The  length  of  time  which  currents  of  lava  retain  their 
heat  is  truly  remarkable :  the  current  which  flowed  from  ^tna 
in  1669  is  two  miles  in  breadth,  fifteen  miles  in  length,  and  two 
hundred  feet  in  depth ;  it  retains  a  portion  of  its  heat  to  the  pres- 
ent day.  Ferrara  says,  when  this  lava  was  perforated  at  Catania 
in  1809,  flames  broke  out ;  and  it  continued  to  smoke  at  the  sur- 
face after  reiin,  at  the  beginning  of  the  present  century,  or  130 
years  after  its  eruption. 

of  hornblende  are  long,  and  assume  a  prismatic  form;  they  present  indications  of  a 
laminar  structure,  and  have  little  lustre.  The  perfectly  black  grains  are  iron-sand, 
containing  iron,  combined  with  titanium ;  the  grains  of  iron  ore  {fer  oligUte)  may 
be  known  by  yielding  a  red  powder  when  pulverized.  Volcanic  glass,  volcanic  sco- 
ne, and  volcanic  tu&,  are  all  composed  of  the  same  minerals  as  the  most  compact 
lava ;  and  all  the  most  homogeneous  dark  volcanic  rocks,  are  composed  of  minute 
microscopic  grains,  which  are  chiefly  felspar  and  augite,  with  a  small  proportion  of 
olivine  and  iron-sand.  M.  Cordier  informed  the  author,  that  the  microscopic  .exam- 
ination of  lava  wis  much  fiidlitated,  by  steeping  the  piece  to  be  examined  in  dilute 
muriatic  acid. 
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Stones  of  enormous  size  are  frequently  projected  from  the  cra- 
ters of  Tdcanos;  but  the  quantity  of  matter  which  they  throw 
out  in  the  state  of  scorice,  sand  and  powder,  often  exceeds  that 
erupted  in  the  state  of  lava,  and  is  spread  over  distant  countries : 
by  the  percolation  of  water  it  becomes  agglutinated,  and  forms 
beds  of  volcanic  breccia  and  tufa.  Sometimes  the  tufa  is  suffi- 
ciently solid  to  be  used  for  building-stone ;  the  Roman  pepperino 
is  a  volcanic  tufa.  Pozzolana  consists  of  minute  particles  of  sco- 
ria, which  have  been  partially  decomposed  :  when  mixed  with 
lime  it  makes  a  water-setting  cement 

Some  volcanic  rocks  decompose  rapidly,  and  form  productive 
toils ;  other  resist  the  process  of  decomposition  so  effectually, 
that  after  the  lapse  of  some  thousand  years,  they  present  all  the 
fireahness  of  the  most  recent  lavas. 

Age  of  Volcanic  Rocks, — Nothing  precise  can  be  determined 
with  respect  to  the  relative  age  of  volcanic  rocks,  except  in  those 
districts  where  they  occur  together,  one  covering  the  other. 
Humboldt,  who  has  attempted  to  trace  the  different  ages  of  vol- 
canic formations,  observes,  that  there  are  trachytes,  clinkstones, 
and  basalts,  of  different  ages ;  but  in  proportion  as  we  advance 
towards  the  more  recent  volcanic  formations,  they  appear  isola- 
ted, superadded,  and  strangers  to  the  soil  in  which  they  are  found. 
The  lavas  from  existing  volcanos  vary  at  different  periods  of 
their  eruptions:  we  may  therefore  well  conceive,  that  the  vol- 
canic masses  which  during  thousands  of  years  have  been  pro- 
gressively raised  to  the  surface,  under  very  different  circumstan- 
ces of  pressure  and  refrigeration,  should  present  striking  con- 
trasts and  analogies  of  structure  and  composition. 

OBSERVATIONS. 

From  the  rarious  phenomena  which  volcanos  present,  we  may  with 
probability  infer,  that  the  internal  part  of  our  planet,  is  either  whol- 
ly or  partially  in  an  igneous  state,  however  difficult  it  may  be  to  ex- 
plain in  what  manner  this  heat  is  generated  and  con6ned  In  every 
department  of  nature,  our  Inquiries  are  terminated  by  ultimate  facts, 
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beyond  which  further  research  becomes  vaio.  The  constaDt  genert' 
tion  and  emission  of  light  from  the  surface  of  the  sun  is  more  inexpli- 
cable and  surprising,  than  the  constant  generation  of  heat  in  the  ceur 
tre  of  our  planet ;  but  we  cannot  refuse  our  assent  to  the  fact,  though 
it  is  far  beyond  the  power  of  the  human  mind  to  conceire,  by  what 
means  the  particles  of  light  are  propelled  through  space  with  aoch 
astonishing  velocity.  We  are  too  apt  to  measure  natural  operations 
by  their  coincidence  with  the  received  systems  of  philosophy,  and  te 
make  our  own  ignorance  the  standard  of  truth.  Had  all  the  volcanos 
in  the  world  been  dormant  for  the  last  two  thousand  years,  and  were 
we  acquainted  with  their  existence  only  by  the  writings  of  ancient 
historians,  we  should  discredit  the  fact,  and  prove  its  impossibility  by 
an  appeal  to  established  chemical  principles ;  we  should  further  ac- 
company the  proof  with  a  pathetic  lamentation  over  the  credulity  of 
former  times.  The  descent  of  stones  from  the  atmosphere  was  deni- 
ed during  a  longer  period,  though  the  fact  is  now  established  beyond 
all  doubt. 

Admitting  the  existence  of  central  fire  in  the  earth,  it  is  not  diffi- 
cult to  conceive  that  there  may  be  determinate  causes,  by  which  its 
intensity  is  increased  or  diminished  at  certain  periods.  We  know  little 
respecting  the  operation  of  electric  or  Voltaic  energy  in  the  laborato- 
ry of  nature,  but  from  the  existence  of  electric  light  at  the  poles, 
we  may  infer  that  electric  currents  are  passing  through  the  earth,  and 
are  important  agents  in  many  subterranean  phenomena.  Perhaps  the 
different  beds  of  rock  which  environ  the  globe  may  act  like  a  series 
of  plates  in  the  Voltaic  pile,  and  produce  effects  commensurate  with 
their  vast  magnitude.  Voltaic  energy  is  capable  of  supporting  the 
most  intense  degree  of  heat  without  access  to  atmospheric  air,  or 
even  in  vacuo ;  and  this  for  an  indefinite  time. 

Whatever  origin  we  ascribe  to  subterranean  fire,  there  can  be  no 
doubt  that  it  will  make  its  way  through  the  surface  in  those  places 
where  the  incumbent  rocks  offer  the  least  resistance,  or  where  they 
are  most  fusible.  By  the  access  of  water  to  this  fire,  the  sudden  evo- 
lution of  steam,  hydrogen  gas,  and  many  phenomena  of  volcanic 
eruptions,  will  admit  of  an  easy  explanation.  Most  of  the  active  vol- 
canos being  situated  near  the  sea  or  great  lakes,  we  may  infer  that 
water  is  in  some  way  necessary  to  the  production  of  volcanic  phe- 
nomena. 
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CHAPTER  XVI. 

ON  THE  AGENCY   OF  SUBTERRANEAN  FIRE  IN  THE  FORMATION 

OF  ROCKS  AND  STRATA. 

Thb  numerous  volcanos  scattered  over  the  globe  abundantly 
prove  the  existence  of  fire  in  the  deep  recesses  of  the  earth. 
During  a  former  state  of  our  planet,  the  internal  fire  must  have 
been  more  intense  than  since  the  records  of  authentic  history. 
This  18  shown  by  the  remains  of  mighty  volcanic  craters,  which 
&r  exceed  any  that  are  active  at  the  present  time ;  for,  the  cra- 
ters themselves  being  formed  by  the  eruption  of  volcanic  mat- 
ter, their  size  bears  evidence  to  the  magnitude  of  their  former 
operations. 

"Those  ranges  of  volcanos,  those  eruptions  through  vast 
chasms,  those  subterranean  thunders,  that  roll  under  the  transi- 
tkm  rocks  of  porphyry  and  slate  in  the  new  world,  remind  us  by 
tlie  present  activity  of  subterranean  fire,  of  the  power,  which  in 
remote  ages,  has  raised  up  chains  of  mountains,  broken  the  sur- 
fiice  of  the  globe,  and  poured  torrents  of  liquid  earth  in  the  midst 
of  the  most  ancient  strata.  Even  in  our  own  days,  these  torrents 
of  melted  earth  do  not  always  issue  from  the  craters  or  sides  of 
▼olcaoic  mountains.  Sometimes  the  earth  opens  in  plains,  and 
spreads  strata  of  lava  or  of  mud  over  a  vast  extent  of  country.^^ 
-^Hwmboldt^  sur  le  Gisement  des  Roches, 

We  cannot  avoid  an  inquiry  respecting  the  use  of  these  mighty 
agents  in  the  economy  of  nature :  were  we  to  consider  volcanos 
merely  as  the  vents  for  internal  fires,  a  further  inquiry  would  arise 
respecting  the  utility  of  these  fires ;  for  we  ought  not  to  suppose 
that  the  laws  which  govern  the  interior  of  our  planet,  arc  not  di- 
rected by  the  same  wisdom  which  is  displayed  in  the  external 
world. 

There  are  many  philosophers  who  admit  in  its  full  extent  the 
doctrine  of  final  causes  as  evinced  in  the  structure  of  a  plant,  or 
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animal ;  or  in  other  words,  who  readily  grant  that  all  the  Tanoos 
parts  and  organs  conduce  to  one  definite  purpose ;  yet  they  are 
reluctant  to  allow  that  the  earth  itself  is  under  any  other  guidance 
than  the  brute  force  of  tumultuous  elements. 

I  do  not  however  think  it  unphilosophical  to  inquire  what  office 
subterranean  fires  have  performed  in  the  economy  of  nature : 
Are  they  accidental  appendages,  or  essential  parts  of  the  terres- 
trial system  ?  The  geologists  who  exclude  the  agency  of  fire  from 
the  formation  of  rocks,  seem  to  forget  that  the  only  instances  we 
have  of  hard  and  crystalline  rock  formations  are  volcanic :  beds 
and  strata  more  than  thirty  miles  in  length,  and  of  considerable 
breadth  and  thickness,  have  been  spread  over  the  surface  of  the 
globe  in  our  own  times ;  and  according  to  M.  Humboldt,  the  fiir- 
ther  back  we  trace  these  eruptions,  the  greater  is  the  similarity 
between  the  currents  of  lava  and  those  rocks  which  are  consider^ 
ed  by  geologists  as  the  most  ancient.  The  enormous  volcanos 
whose  craters  are  many  leagues  in  extent,  had  doubtless  an  im- 
portant office  to  perform  in  nature :  and  can  it  be  unreasonable 
to  believe,  that  the  earih  itself  is  the  great  laboratory  and  store- 
house where  the  materials  that  form  its  surface  were  prepared, 
and  from  whence  they  were  thrown  out  upon  the  surface  in  an 
Igneous,  aqueous,  or  gaseous  state,  cither  as  melted  lava,  or  in 
aqueous  solution,  or  in  mechanical  admixture  with  water  in  the 
form  of  mud,  or  in  the  comminuted  state  of  powder  or  sand  ?  In- 
flammable and  more  volatile  substances  may  have  been  emitted 
in  a  gaseous  state,  and  become  concrete  on  the  surface. 

These  primseval  eruptions,  judging  from  the  size  of  the  ancient 
fissures  and  craters,  may  have  been  sufficient  to  cover  a  large 
portion  of  the  globe.  Nor  can  it  be  deemed  improbable,  that 
still  larger  and  more  ancient  craters  have  been  entirely  covered 
by  succeeding  eruptions.  In  proportion  as  the  formation  of  the 
surface  advanced,  these  eruptions  might  decline,  and  be  more 
and  more  limited  in  their  operation. 

It  is  not  necessary  to  suppose  that  these  subterranean  eruptioiMi 
consisted  only  of  lava  in  a  state  of  fusion.  The  largest  active 
volcanos  at  present  existing,  throw  out  the  different  earths  inter- 
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mixed  with  water  in  the  form  of  mud.  Nor  should  we  limit  the 
eruptions  of  earthy  matter  in  solution  or  suspension,  to  volcanic 
craters :  the  vast  fissures  or  rents  which  intersect  the  difierent 
rocks  may  have  served  for  the  passage  of  siliceous  solutions  to 
the  surface.  We  know  no  instances  in  nature  of  siHceous  earth 
being  held  in  aqueous  solution,  except  in  the  waters  of  hot  or 
boiling  springs ;  and  hence  it  seems  reasonable  to  infer  that  ma- 
ny siliceous  rocks  and  veins  may  have  been  deposited  firom  sub- 
terranean waters  at  a  high  temperature.  In  other  instances,  sili- 
ceous earth  rendered  fusible  by  an  intermixture  with  alkalies  and 
earths,  may  have  been  poured  over  the  bed  of  the  ocean,  and*  by 
gradual  refrigeration,  the  constituent  parts  may  have  separated 
and  formed  granite  rocks,  composed  of  quartz,  felspar,  mica,  and 
hornblende.  We  know  nothing  analogous  to  the  formation  of 
granite  by  aqueous  solution,  but  many  of  the  products  of  ancient 
vokanos  bear  a  close  afiinity  to  granite.  Indeed,  all  the  mine- 
rals which  form  the  constituents  of  primary  rocks  occur  in  un- 
doubted lava;  and  many  of  them,  even  mica,  are  found  formed 
in  the  dags  from  furnaces ;  which  adds  a  high  degree  of  proba- 
bility to  the  igneous  formation  of  the  primary  rocks,  and  rocks  of 
sienite  and  porphyry. 

Calcareous  or  cretaceous  matter  is  also  ejected  during  aque- 
ous volcanic  eruptions :  beds  of  limestone  may  have  been  formed 
by  similar  calcareous  eruptions,  in  which  the  lime  was  sometimes 
in  solution,  and  sometimes  mechanically  suspended ;  and  the  nu- 
merous remains  of  testaceous  animals  in  limestone,  appear  to  in- 
dicate that  the  calcareous  solutions  were  favorable  to  the  growth 
of  animals,  whose  coverings  contain  so  much  calcareous  matter. 
Nor  is  it  necessary  to  suppose  that  these  aqueous  eruptions  were 
always  sudden,  and  attended  with  violent  convulsions ;  for,  when 
a  passage  was  once  opened,  they  may  have  risen  slowly  and  been 
diffused  in  a  tranquil  state,  and  by  gradual  condensation  may 
have  enveloped  the  most  delicate  animals  or  vegetables,  without 
injuring  their  external  form. 

The  long  intervals  of  repose  between  the  great  igneous  erup- 
tions, or  aqueous  eruptions  saturated  with  mineral  matter,  may 
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have  allowed  time  for  the  growth  and  decay  of  aniniab  whoie 
remains  are  found  in  different  strata;  whibt  the  formation  of 
other  strata  may  have  taken  place,  under  circumstances  incom* 
patible  with  organic  existence :  and  accordingly  we  find  in  ibm 
rocks  most  abounding  with  organic  remains,  certain  strata  in 
which  they  never  or  rarely  occur*  The  same  agent  which  envd- 
oped  living  animals  in  mineral  matter  without  injuring  their  ei* 
temal  form,  appears  in  some  instances  to  have  immediately  ar^ 
rested  the  functions  of  vitality.  Petrified  fish  have  been  discov* 
ered  in  solid  rocks,  in  the  very  attitude  of  seizing  and  swallowing 
their  prey.^  A  sudden  eruption  of  a  hot  fluid  saturated  with  the 
different  earths,  (or  the  elements  of  which  these  earths  are  form- 
ed,) might  destroy  in  a  moment  the  animals  previously  existing, 
and  form  round  them  a  siliceous  or  calcareous  incrustation,  which 
would  protect  their  remains  from  further  destruction.  Werner 
and  the  geologists  of  his  school  maintain,  that  all  the  different 
rocks  that  compose  the  crust  of  the  globe,  were  originally  dissolv- 
ed in  water ;  and  that  this  water  saturated  with  mineral  matter, 
was  capable  of  supporting  animal  life :  but  this  is  manifestly  ab- 
surd, unless  we  suppose  that  the  lives  of  these  animals  were  pre- 
served by  a  perpetual  miracle,* — whereas  if  the  mineral  matter 
in  aqueous  solution  was  poured  out  and  deposited  by  successive 
eruptions,  at  distant  intervals  of  time,  the  different  races  of  zoo- 
phytes and  testaceous  animals  might  have  lived  and  flourished  in 
waters  like  those  of  our  present  seas  and  lakes,  and  have  been 
destroyed  together,  by  eruptions  of  mineral  solutions,  and  have 
been  succeeded  by  a  creation  of  diflerent  genera  and  species. 

Ages  of  comparative  tranquillity  might  elapse  in  the  interval 
between  different  eruptions,  and  beds  of  gravel  and  breccia  be 

*  Ab  SD  instance  of  the  data  which  Werner  assumes  as  undoubted  facts»  take  the 
ibUowing : — *<  In  recapitulating  the  state  of  our  present  knowledge,  it  i$  oMau$ 
that  tee  know  with  certainty,  that  the  floetz  and  primitive  mountains  were  produced 
by  a  series  of  precipitations  and  depositions  formed  in  succession ;  that  these  took 
place  from  water  which  covered  the  globe,  existing  always  more  or  less  generally, 
and  containing  the  diflbrent  substances  which  have  been  produced  from  them.  W% 
are  also  eertaiiny  that  the  ibssils  which  constitute  the  beds  and  strata  of  mountains 
were  dissolved  in  the  universal  water.'* ! !  l—Theory  of  Veins,  English 


BT  IGNEOUS  AND  AQUEOUS  ERUPTIONS.  387 

formed,  bjr  the  disintegration  of  the  higher  parts  of  the  earth. 
These  beds  might  be  afterwards  covered  by,  or  intermixed  with, 
the  crystalline  beds  from  subsequent  eruptions ; — and  may  we  not 
in  this  manner  explain  the  alternation  or  intermixture  of  crystal- 
Ime  rocks,  with  those  of  mechanical  formation  ? 

As  the  strata  which  cover  each  other  are  often  composed  of  very 
different  mineral  substances,  may  we  not  infer,  that  the  successive 
ancient  eruptions,  whether  igneous  or  aqueous,  contained  at  differ- 
ent periods,  different  elementary  parts?  At  the  present  day,  the  la- 
vas of  succeeding  eruptions,  even  from  the  same  crater,  differ  both 
in  external  character  and  constituent  parts.  Hence  we  may  explain 
the  formation  of  strata  of  iron-stone  and  beds  of  other  metallic 
ores  alternating  with  eartiiy  strata ;  and  we  can  have  little  difficul- 
ty in  the  admission,  as  it  is  now  known,  that  the  bases  of  the  earthy 
strata  are  also  metallic.  Two  or  more  mineral  substances  may 
in  scHne  instances  have  been  contained  in  the  same  fluid,  and  sep- 
arated into  different  masses  or  strata  by  the  laws  of  chemical 
aflEmity;  bat  it  seems  impossible  to  admit,  with  the  Neptunian  ge- 
ologists, that  all  the  substances  which  compose  rocks  and  strata 
were  coexistent  in  the  same  fluid,  and  that  this  fluid,  after  it  had 
deposited  only  a  small  part  of  its  contents,  was  capable  of  sup- 
porting animal  life. 

The  succession  of  aqueous  and  igneous  eruptions  would  ac- 
count for  the  alternation  of  igneous  rocks,  with  others  of  aquatic 
formation.  The  occurrence  of  obsidian  and  basalt,  with  clay 
and  sandstone,  may  be  parts  of  the  same  series  of  phenomena ; 
and  thus  the  two  opposing  systems  of  Werner  and  Hutton  may 
both  be  true  to  a  certain  extent,  and  agree  with  existing  facts. 
However  vast  these  operations  may  appear,  they  sink  into  insig- 
nificance, compared  with  the  bulk  of  our  planet  itself.  If  a  three- 
feet  globe  were  to  contain  within  it  a  fluid  capable  of  acquiring 
consistence  by  exposure  to  the  air,  and  were  this  fluid  from  time 
to  time,  to  exude  through  minute  cracks  or  punctures,  and  form 
over  different  parts  of  the  surface,  successive  coats  of  varnish, 
whose  aggregate  thickness  was  less  than  that  of  a  wafer, — this 
wonld  bo  a  greater  change  with  respect  to  the  artificial  globe. 
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than  the  formation  of  all  the  rocks  and  strata  with  respect  to  the 
earth.  And  the  numerous  dislocations  and  fractures,  by  subd- 
dence  or  other  causes,  are  no  more  in  comparison  to  the  magni- 
tude of  the  earth,  than  the  cracks  or  inequalities  of  this  superfi- 
cial varnish  would  be  to  a  globe  of  that  diameter. 

In  proportion  to  the  quantity  of  matter  thrown  up  from  the 
interior  of  the  earth,  might  be  the  subsidence  of  the  surface  io 
other  parts ;  and  as  the  waters  retired  further  from  our  preneot 
continents,  the  size  of  the  lakes  which  then  covered  them  woukl 
be  diminished :  but  their  number  would  be  increased,  and  also 
the  number  of  local,  or  independent,  formations  of  strata.  Sim- 
ilar causes  still  continuing  to  operate  in  different  situations,  might 
produce  general  features  of  agreement  amidst  the  diversity  of 
rock  formations  which  were  taking  place.  Now  this  is  precisely 
what  we  observe  in  comparing  the  succession  of  rpcks  in  distant 
countries. 

If  subterranean  fire  has  acted  intensely  on  any  part  of  the 
crust  of  the  globe  already  formed,  it  may  have  upheaved  the  bed 
of  the  ocean,  and  occasioned  subsidences  in  other  parts ;  and 
these  changes  may  have  t>een  often  repeated.  According  to 
some  recent  and  interesting  experiments  of  Sir  James  Hail,  the 
vapour  from  salt  water  intensely  heated  under  pressure,  will  by 
passing  through  loose  sand,  agglutinate  the  particles,  and  form 
solid  sandstone.  In  this  manner  the  heated  and  compressed 
water  of  the  ocean,  may  have  consolidated  the  loose  sand  at  the 
bottom,  and  formed  strata  of  sandstone :  there  are,  however, 
sandstones  which  are  so  pure  and  crystalline,  that  we  must  re- 
gard them  as  original  siliceous  depositions. 

Granite,  porphyry,  sienite,  greenstone  and  basalt,  pass  by  in- 
sensible gradations  into  each  other,  and  into  rocks  known  to  be 
volcanic :  hence  the  probability  of  their  having  a  similar  origin 
is  greatly  increased.  And  if  the  internal  fires  that  have  acted 
successively  on  the  surface  of  the  globe,  were  of  vast  extent,  as 
the  remaining  craters  indicate,  they  may  also  in  numerous  in- 
stances have  melted  or  softened  pre-existinsr  rocks  and  strata 
and  occasioned  the  bending  and  contortions  of  the  strata,  and 
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^rtfaer  phenomena,  on  which  the  theory  of  Dr.  Hutton  was  found- 
ed. The  defect  of  that  theory  consists,  I  conceive,  in  extending 
the  operation  of  this  cause,  further  than  existing  appearances 
will  support 

Were  we  to  admit  that  rocks  were  produced  by  successive  ig- 
neous and  aqueous  eruptions,  poured  through  craters  and  fissures 
•f  the  wriace,  these,  with  subsequent  elevations  and  subsidences 
of  the  sorface,  might  be  sufficient  to  explain  all  the  various  phe- 
Bomena  which  the  position,  contortion,  succession,  and  alterna- 
tion of  rocks  and  strata  present  to  our  notice.  In  some  situa- 
tions granite  mountains  are  covered  with  a  series  of  schistose 
locks,  to  which  succeeds  transition  limestone ;  and  on  this  are 
laid  the  sandstones  of  the  coal  formation.  In  other  inntances 
these  sandstones  rest  immediately  on  granite,  without  tlie  inter- 
Tenlion  of  schistose  rocks.  Here  then  we  may  suppose,  that  no 
eruptions  of  matter  took  place  between  the  formation  of  the 
granite  and  the  sandstone ;  while  in  other  situations,  a  succes9ion 
of  formations  had  produced  all  the  intermediate  rocks.  In  some 
<^untries  the  eruption  of  matter  which  formed  granite,  after 
ceasing  for  ages,  had  again  taken  place ;  and  thus  sometimes  wc 
find  granite  covering  rocks  to  which  it  is  most  frequently  subja- 
cent To  a  like  cause  may  we  ascribe  the  occasional  appear- 
ance of  beds  similar  to  the  lower  rocks,  alternating  with  or  ap- 
pearing in  the  upper  strata.  The  siliceous  and  calcareous  solu- 
tions in  a  state  of  tranquillity,  might  also  envelop  the  fragments 
and  sand  from  pre-existing  rocks,  and  form  the  various  breccias 
and  aggregated  sandstones.  Saline  and  bituminous  matter  may 
have  been  thrown  up  in  detached  lakes,  and  subsequently  consol- 
idated, as  in  the  pitch-lake  in  the  island  of  Trinidad.  The  local 
formation  of  beds  of  trap  alternating  with  other  rocks,  has 
been  before  alluded  to,  and  the  gradation  of  basalt  into  clay,  or 
sand,  will  be  consistent  with  this  mode  of  formation.  Many  of 
the  solutions  containing  terrene  matter  might  be  erupted  at  a 
boiling  temperature,  like  the  siliceous  water  thrown  out  of  the 
hot  springs  in  Iceland ;  and  on  cooling  they  might  deposit  their 
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contents,  the  matter  from  each  eruption  forming  a  separate  kyer 
or  stratum.* 

In  some  parts  of  the  earth,  the  quantity  of  matter  thrown  out 
during  one  eruption,  may  have  been  sufficiently  great  to  adnit 
the  crystallization  of  whole  groups  of  mountains :  in  other  in- 
stances, it  may  have  been  so  widely  diiTused  as  to  form  very  thin 
strata.  And  here  it  may  be  proper  to  remark,  that  diiTerent  beds 
and  strata  arc  not  arranged  in  nature  in  the  order  of  their  specific 
gravity ;  the  lowest  arc  not  always  the  heaviest :  neither  are  tbqr 
arranged  according  to  their  more  perfect  crystallization;  for, 
though  generally  the  lower  rocks  are  more  cr}'stalline  than  the 
up|»er,  we  not  unfreruently  find  some  of  the  upper  strata,  more 
perfectly  crystalline  than  the  subjacent  rocks.  Now  if  the  mat- 
ter of  which  the  upper  and  lower  rocks  are  formed,  had  been  co- 
existent in  the  same  fluid  medium,  one  or  other  of  the  abcwe  ef* 
fects  must  have  taken  place ;  but  if  each  stratum  were  formed 
by  a  separate  eruption  and  deposition,  they  might  vary  both  in 
specific  gravity  and  degrees  of  crystallization,  without  any  regard 
to  the  order  in  which  they  were  deposited. 

In  endeavouring  to  trace  the  causes  of  very  complicated  phe- 
nomena, those  explanations  are  to  be  preferred,  which  apply  to 
the  greatest  number  of  cases,  and  are  consonant  with  existing  or 
analogous  facts.  Now  I  conceive  that  the  alternatioo  of  aque- 
ous and  i(2:ncous  eruptions,  oiTers  a  more  satisfactory  explanation 
of  the  formation  of  rocks,  than  any  that  has  yet  been  proposed. 
At  the  same  time  it  assigns  an  office  to  the  immense  craters  and 
fractures  which  have  once  perforated  or  intersected  the  globe. 

It  is  an  acknowledged  maxim,  that  Nature,  or  to  speak  more 
correctly  its  divine  Author,  docs  nothing  in  vain ; — and  can  we 


*  To  compare  great  things  with  small, — there  is  an  analogous  formation  taking 
place  every  day,  in  the  channels  which  receive  the  boiling  waters  from  some  of  the 
steam-engines  in  the  county  of  Durham.  This  water  contains  a  large  quantity  d 
earthy  matter,  which  is  deposited  every  day,  except  Sunday,  in  regular  layers  that 
may  be  distinctly  counted,  with  a  marked  line  for  the  interval  of  repose  on  Sunday, 
between  each  week's  formation :  hence  the  stone  got  out  of  those  channels,  ha?  re- 
ceived from  the  country  people  the  name  of  Sunday  itone. 
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mppoM  thai  the  interior  part  of  the  earth  is  constructed  ivith 
less  skill,  than  what  is  evinced  in  the  organization  of  the  simplest 
animal  or  vqpetable  T  Or,  when  we  contemplate  our  planet  pur- 
suing its  tradJess  path  through  the  heavens  with  unerring  pre* 
cision,  can  we  believe,  that  its  internal  motions  are  not  governed 
by  determined  laws,  destined  to  answer  the  most  important  pur- 
poses in  the  economy  of  nature  ? 

Though  I  am  inclined  to  regard  the  explanation  here  offered 
respecting  rock  formations,  as  consonant  with  existing  facts,  and 
as  reconciling  the  phenomena  of  aqueous  and  igneous  products 
alternating  with  or  graduating  into  each  other, — facts  that  ap- 
pear so  contradictory  to  the  theories  hitherto  advanced, — I  would, 
however,  willingly  adopt  any  other  explanation  that  may  afford  a 
more  satisfieictory  solution.  The  Roman  poet,  after  conducting 
his  hero  through  the  subterranean  abodes,  dismisses  him  through 
the  Ivory  Gate  :*  and  should  my  readers  infer  from  these  specu- 
latioiiB  respecting  the  subterranean  operations  of  nature,  that  I 
treat  them  in  the  same  manner,  it  will  not  occasion  disappoint- 
ment. Embarked  with  them  in  a  voyage  of  discovery,  I  shall 
gladly  hail  the  signal  for  the  appearance  of  solid  ground,  who- 
ever the  fortunate  discoverer  may  be. 


•  iEn.  Jib.  vi. 
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CHAPTER  XVII. 

ON  THE  REPOSITORIES  OF  BfETALUC  ORES. 

MetiUic  Matter  diflMmioated  through  Rocki.— MasM  of  M«tdlfc  Orew— liflMttf 
Beda. — Metallic  Veiot. — Rake  Veiof . — ^Flat  Vcioa*— Accuinulatod  Yiiliie     Cmm 
Counes. — The  remarkable  atructure  of  the  BoCalUck  Mbie  worked  under  At 
Sea. — On  the  Formation  of  Metallic  Orea. — Remarkable  Phenomena  in  Mhwi 
Stream  Works. — Rocks  in  which  certain  Metallic  Ores  are  feond. 

The  rocks  and  strata,  and  the  mineral  ?eins  or  dykes,  deieii- 
bed  in  the  preceding  chapters,  are  composed  of  earthy  minerahi 
sometimes  combined  with  a  portion  of  metallic  matter,  chieiy 
iron.    The  mineral  substances  to  be  described  in  the  pieicnt 
chapter,  as  forming  beds  or  veins,  or  irregular  masses,  or  graioi 
imbedded  in  other  rocks,  consist  of  metallic  matter  either  pwe 
or  in  combination  with  sulphur,  oxygen,  or  acids.    Metallic  beds 
and  veins  may  be  regarded  as  fixed  constituent  parts  of  the  cmsl 
of  the  globe.    The  difference  of  external  character  between  a 
pure  metal  and  an  earth  is  so  great,  that  we  find  some  diflkml^ 
at  first  in  conceiving  how  metallic  matter  can  form  beds  inter- 
stratified  with  earthy  rocks ;  but  the  discoveries  of  modem  chem- 
istry have  shown,  that  metallic  and  earthy  minerals  are  cloself 
allied.    Nothing  can  appear  more  essentially  diiferent  than  a 
piece  of  polished  iron  and  a  piece  of  marble  or  limestone :  yet  if 
iron  be  exposed  to  the  action  of  air  and  water,  it  is  converted  into 
rust,  and  in  this  state  is  known  as  ochre ;  and  between  ochre  and 
powdered  limestone  there  is  little  diflerence  of  external  charac- 
ter ;  nor  would  any  one  unacquainted  with  chemistry  suspect, 
that  ochre  was  a  metallic  mineral.    The  ochre  can,  however,  be 
easily  reconverted  into  metallic  iron :  but  to  convert  limestone 
into  a  metallic  substance  is  a  difficult  process, — ^yet  it  has  been 
effected ;  and  it  is  further  proved,  that  all  the  earths  and  alkalies 
are  metallic  substances  combined  with  oxygen.    The  metallic 
nature  of  the  earths  being  ascertained,  we  can  no  longer  be  sur* 
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prised  that  metallic  minerals  should  be  found  intermixed  with 
earthy  minerals  in  rocks.  Iron  is  found  combined  with  earths  in 
almost  all  rocks  that  are  not  white ;  and  to  the  presence  of  iron, 
they  generally  owe  their  colour,  whether  red,  brown,  or  black. 

The  other  metals  rarely  occur  chemically  combined  with  rocks 
or  sf  rata,  bat  are  found  either  disseminated  in  grains  or  irregular 
pieces,  or  forming  beds  between  earthy  strata,  or  filling  veins 
that  intersect  rocks  vertically  or  nearly  so. 

The  metals,  except  gold  and  platina,  are  rarely  found  pure, 
but  are  generally  combined  either  with  sulphur,  oxygen,  or  acids, 
and  in  this  state  are  called  ores.  When  the  metals  occur  pure, 
they  are  called  native  metals  ;  thus  we  have  native  gold,  native 
iron,  &c. 

Metallic  ores  and  native  metals  are  sometimes  disseminated  in 
grains  through  rocks ;  and  when  they  are  abundant,  the  whole 
mass  of  the  rock  is  worked  as  a  mine ;  but  this  is  seldom  the 
case.  Tin-stone,  or  the  oxide  of  tin,  is  sometimes  dissem'mated 
in  grains  in  granitic  rocks  in  Cornwall,  but  it  is  generally  in  the 
vicinity  of  a  vein  of  tin  ore  that  disseminated  grains  of  tin-stone 
are  found  in  the  rock.  At  Weal  Dutchy  mine,  near  Callington. 
ailver  ore  is  obtained,  both  from  a  vein  which  intersects  the  hill, 
and  firom  the  rock  itself,  at  a  considerable  distance  from  the  vein. 
From  a  section  of  the  mine  shown  me  by  the  proprietor,  it  ap- 
pears that  in  the  rock,  which  is  white  killas  (a  silvery  clay  slate,) 
the  ore  is  disseminated  in  various  parts,  or  is  collected  in  bunches. 
The  silver  is  found  native  in  filaments,  or  in  the  state  of  vitreous 
silver  ore,  black  silver,  and  ruby  silver.  Gold  frequently  occurs 
in  grains,  disseminated  through  solid  rocks.  Considerable  mass- 
es of  metallic  ore  arc  sometimes  found  in  rocks,  particularly  of 
iron  ore ;  but  these  masses  are  generally  formed  by  the  meeting 
of  numerous  veins,  or  are  parts  of  metallic  beds  that  are  greatly 
enlarged :  they  will  be  described  with  beds  and  veins. 

Metallic  Beds, — Some  metallic  ores  occur,  forming  regular 
strata  in  the  secondary  rocks,  or  beds  in  transition  and  primary 
rocks.  Iron-stone  in  thin  strata  alternates  with  coal,  coal-shale, 
and  sandstone,  and  has  been  described  with  the  coal  strata — 
Chap.  VIII.  pp.  118,  119. 
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koB  ore  often  fbrmt  be<8  of  cooMderahb  thidnieiit  intBif  >wii 
betweoA  rocks  of  gnein,  mica-flartet  and  ihrte.  Metafile  om  m 
beds  or  strata  may  be  regarded  as  constitoe&t  parts  of  the  rods 
in  which  thej  oocor,  and  must  be  cotemporaneeos  with  theai: 
the  mataUie  and  the  earthy  mi&erab  have  been  deposited  at  4he 
same  time,  and  have  probably  been  separated  by  cheorical  aft 
finity  doling  the  process  of  consolidation.  Sometimes  the  m» 
tallic  matter  is  intermiied  with  a  bed  of  slate,  or  of  ether  rodm^ 
in  sttch  abmdance,  that  the  whote  bed  is  worked  as  m  nwiaffic 
ore.  When  a  bed  of  metallic  matter  swells  oat  irregolarly  to  a 
oonnderable  ttuckness,  it  forms  masses  of  ore,  which  somoiiaws 
aHain  the  magnitmde  of  small  moantains ; — such  are  the  moai* 
tains  of  iron  ore  in  Sweden  and  Norway.  Metallic  beds  ami 
however,  of  Kmited  extent ;  they  seldom  traverse  a  whole 
tain  or  numntain  range,  but  they  gradually  or  suddoily 
narrow  and  terminate,  or  in  the  miners  language  tss^ife  aaft 
There  are  few  known  beds  of  metallic  ores  in  England ;  the  prin* 
cipal  repositories  of  metallic  matter  are  in  veins.  I  have  howev- 
er ascertained,  that  the  copper  mines  formerly  wrought  hi  Ibt 
transition  rocks  of  Cumberland,  were  tieds  of  oopper  pyryles,  ia^ 
terposed  between  the  beds  of  the  mountains  in  which  they  wwe 
found,  and  not  intersecting  them  Kke  veins.  The  beds  of  rook 
being  highly  inclined,  the  thin  metalKc  beds  between  them  have 
been  mistaken  for  veins.  I  believe  that  several  metallic  reposi* 
lories  in  other  counties,  which  have  been  described  as  veins,  ife 
in  reality  beds ;  the  distinction  between  beds  and  veins  not  beiag 
well  understood,  they  are  both  called  veins  by  working  mineia 
The  manganese  mines  at  Doddiscombe  Leigh,  in  Devonshire,  sis 
irregular  beds  of  oxide  of  manganese  in  red  sandstone.  Iran . 
ores,  particularly  magnetic  iron  ore,  frequently  occur  in  beda 
The  iron  mine  at  Dannemora  in  Sweden  is  an  enormous  bel| 
which  has  swelled  out  to  the  thickness  of  one  hundred  and  e^h^ 
feet  of  nearly  compact  ore.  Copper  pyrites  sometimes  occurs  ia 
beds ;  mercury  has  abo  been  found  disseminated  in  beds  of  dsy 
and  sandstone.  Ores  of  black  oxide  of  cobalt  are  found  in  bodi 
at  Alderly  Edge  in  Cheshire. 
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MeiaBie  veins  appear  to  have  been  originally  fissures  cutting 
through  different  beds  of  rock,  that  have  been  subsequently  filled 
with  OMlalMc  ones,  intermixed  with  other  mineral  matter,  of  a  dif- 
ferent  nature  from  that  of  the  rock  which  b  intersected.  Metal- 
lic veins  are  therefore  considered  to  be  of  posterior  formatioa  to 
the  rocks  in  which  they  are  found :  and  where  a  vein  cuts  through 
difiTerenf  rocks,  it  is  evident  that  its  formation  must  have  been 
more  recent  than  that  of  the  rocks;  but  where  a  vein  is  found 
only  in  one  bed  of  rock^  the  fissure  may  have  been  formed  and 
filled,  at  the  period  when  the  rock  was  consolidated.  Metallic 
veins  are  found  principally  in  primacy  and  transition  rocks,  or  in 
the  very  lowest  of  the  secondary  strata:  they  are  often  separated 
fiom  the  rocks  they  intersect,  by  a  thin  wall  or  lining  of  mineral 
aobstanees  distinct  from  the  rock,  and  sometimes  also  by  a  layer 
of  clay  on  each  side  of  the  vein.  The  same  substance  which 
forms  the  outer  coat  of  the  vein,  is  also  frequently  intermixed 
with  the  ore,  or  forms  layers  alternating  with  it :  this  is  called  the 
matrix,  gangae,  or  vein-stone,  it  appears  as  if  the  ore  and  the 
vein-Btone  had  been  formed  over  each  other,  on  the  sides  of  the. 
vein,  at  difierent  times,  till  they  met  and  filled  up  the  fissure. 

Sometimes  the  ore  extends  in  a  compact  mass  from  one  side 
of  the  vein  to  the  other.  Not  unfrequently  there  are  hollow 
spaces  in  veins,  called  druses^  which  are  lined  with  crystals.  In 
these  cavities  the  most  beautiful  and  regular  crystalline  forms  are 
obtained.  Metallic  veins  often  divide  and  unite  again,  and 
flometimes  they  separate  into  a  number  of  smaller  branches,  call- 
ed strings.  A  general  idea  of  the  manner  in  which  metallic  veins 
loteiscct  rocks,  and  are  sometimes  intersected  by  each  other,  is 
represented  PI.  4.  fig.  5.  To  what  depth  metallic  veins  descend 
is  not  known,  nor  b  it  ascertained  whether  they  generaUy  grow 
wider  or  narrower  in  their  descent.  The  opinions  of  miners  on 
this  subject  are  so  various,  that  it  may  fairly  be  inferred  that  they 
differ  in  this  respect,  in  different  situations.  No  instances  I  be- 
lieve have  occurred  of  a  vein  being  worked  out  in  depth,  though 
it  often  grows  too  poor  to  repay  the  labour  of  working  deeper : 
more  frequently  the  further  descent  of  the  miner  is  stopped,  by 
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the  difficulty  of  removing  the  water.  Veins  are  seldom  rick  io 
ore  near  the  surface,  but  increase  in  richness  as  they  deBcend, 
and  at  greater  depths  become  poorer  again.  When  Pryce  wrote 
the  '^  Mineralogy  of  Cornwall/^  it  was  believed  that  the  richest 
state  of  a  mine  for  copper  in  that  county,  was  from  eighty  to  one 
hundred  yards  deep ;  and  for  tin,  from  forty  to  one  hundred  and 
twenty  yards.  This  account  by  no  means  agrees  with  the  pres- 
ent state  of  the  Cornish  mines.  Copper  and  tin  are  procured  in 
considerable  quantities  at  the  depth  of  four  hundred  and  fifty-six 
yards  in  the  Dolcoath  mine.  The  Ecton  mine  in  Staffordshire  is 
now  worked  at  the  depth  of  four  hundred  and  seventy-two  jrards: 
it  is  the  deepest  mine  in  England.  The  deepest  mine  that  has  been 
worked  in  Europe,  or  in  any  part  of  the  world,  is  one  at  Truttea- 
berg  in  Bohemia,  which  is  one  thousand  yards  below  the  sar&ce. 

Metallic  veins  frequently  contain  different  ores  at  yarious 
depths.  Iron  ore,  copper  ore,  cobalt  ore,  and  silver  ore,  succeed 
each  other  in  some  of  the  mines  in  Saxony. 

In  France  there  are  mines  which  contain  copper  ore  in  the 
lowest  part,  silver  ore  above,  and  over  that  iron  ore* 

In  Cornwall,  blende,  a  sulphuret  of  zinc,  frequently  aboondsin 
the  upper  part  of  veins  that  become  rich  in  copper  as  they  de- 
scend, the  blende  rarely  continuing  to  any  considerable  depth.  Io 
the  same  district  tin  is  also  commonly  found  at  a  small  depth,  in 
veins  which  afterwards  prove  rich  in  copper.  ^^  Among  other  in- 
stances that  might  be  quoted,  are  the  two  deep  extensive  copper 
mines  called  Hnel  Unity,  and  Cook's  Kitchen,  both  of  which 
were  worked  for  tin  at  first.  In  both,  the  tin  was  soon  extracted; 
but  it  should  be  noted  as  an  uncommon  circumstance,  that  in  the 
latter  mine,  after  working  to  the  depth  of  one  hundred  and  eighty 
fathoms,  first  through  tin  and  afterwards  through  copper,  tin  wat 
found  again,  and  has  continued  down  to  its  present  depth  of  two 
hundred  and  ten  fathoms  from  the  surface.  It  ought,  however, 
to  be  added,  that  some  portion  of  tin  was  found  in  diflerent  parts 
of  the  vein,  which  may  therefore  be  said  to  have  prevailed  more 
or  less  from  the  surface  to  the  present  workings.* 


*  Transactions  of  tlie  Geological  Society,  vol.  ii. 
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The  thickness  of  vebid,  and  the  quantity  and  quality  of  the  ore 
they  contain,  vary  in  erery  mine.  Some  veins  are  only  a  few  inch- 
es wide ;  others  are  several  feet,  and  sometimes  several  yards,  in 
width.  Veins  are  often  narrow  in  one  part,  and  swell  out  in 
another.  The  vein  at  the  Dolcoath  mine  in  Cornwall  varies  from 
two  or  three  feet«  to  forty  feet,  and  in  some  places  it  contracts  to 
little  more  than  six  inches.  The  vein-stone  is  quartz,  in  which 
are  imbedded  masses  called  bunches  of  copper  pyrites,  consisting 
of  copper  united  with  sulphur* 

Beside  rake  veins,  there  other  mineral  repositories,  called  flat 
veins,  or  flat  works  and  pipe  veins.  In  some  instances  a  rake 
vein  declines  from  its  regular  inclination,  and  has  taken  the  direc- 
tion of  the  beds  or  strata  for  a  greater  or  less  extent,  and  then 
resumes  its  former  inclination.  In  other  instances  the  cavities  be- 
tween beds  or  strata  are  filled  with  metallic  ores,  lying  between 
an  upper  and  lower  stratum,  like  a  seam  of  coal,  and  are  subject 
to  similar  dislocations:  but  these  are  not  regular  strata;  they 
may  frequently  be  traced  to  a  perpendicular  or  rake  vein,  from 
which  they  appear  to  be  lateral  expansions ;  sec  Plate  7.  fig.  2. 
There  is  generally  what  is  called  a  rider,  or  mass  of  mineral  mat- 
ter between  the  ore  of  very  strong  rake  veins,  and  that  in  the 
flat  veins,  at  the  place  of  junction.  The  flat  veins  that  run  par- 
allel between  the  strata,  frequently  open  into  large  cavities  tilled 
with  ore  and  vein-stone :  these  cavities  close  again  by  the  con- 
tracting, or  what  the  miners  call  twitching  of  the  si<Ies,  by  which 
the  ore  is  nearly  or  totally  excluded.  Such  expansions  and  twitch- 
ings  are  also  common  to  rake  veins,  and  are  represented  at  c  c, 
Plate  4.  fig.  4. 

The  blue  John  or  fluor  spar  mine  near  Castleton  is  of  this  kind. 
The  vein  which  contains  this  spar  is  separated  from  the  limestone 
rock  by  a  lining  of  cawk  or  sulphate  of  bary  tes,  and  by  a  thin  lay- 
er of  unctuous  clay ;  it  swells  out  into  large  cavities,  which  con- 
tract again  and  entirely  exclude  the  ore,  leaving  nothing  but  the 
lining  of  the  vein  to  conduct  the  miner  to  another  repository  of 
the  spar.  The  crystallizations  and  mineral  incrustations  on  the 
roof  and  sides  of  the  natural  caverns  which  are  passed  through  in 
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this  mine,  far  exceed  in  beauty  those  of  any  other  cATero  in  Eng* 
land ;  and  were  the  descriptiong  of  the  Grolto  of  Antiparos  traoi- 
lated  into  the  simple  language  of  truth,  I  am  indined  to  belkfe, 
it  would  be  found  inferior  in  magnificence  and  splendour  of  min- 
eral decoration,  to  the  natural  caverns  in  the  fluor  mine.  This 
mine  is  rarely  visited  by  travellers :  the  descent  is  safe,  but  the 
roof  being  low  in  some  parts  it  is  rather  difficult  of  access. 

The  pipe  vein  may  be  described  as  a  tubular  mass  of  ore  aad 
vein-stone,  generally  descending  in  the  direction  of  the  beds,  and 
widening  and  contracting  in  its  course.  In  reality,  the  pipe  vein 
is  a  variety  of  the  flat  vein,  having  the  sides  closed  or  twitched  in, 
so  as  to  form  a  tube  or  cavity  of  irregular  shape,  and  of  very  lim- 
ited extent  along  the  line  of  bearing,  but  descending  to  a  giett 
depth. 

One  metallic  vein  often  crosses  or  cuts  through  another,  aod 
displaces  it;  in  such  instances  it  is  evident  that  the  vein  which  is 
cut  through,  must  be  more  ancient  than  that  which  intersects  it 
This  observation  respecting  the  relative  ages  of  veins  was  first 
made  by  Mr.  Pryce  in  his  Mineralogia  Comubiensis.  The  diflF* 
erent  position  of  veins  is  represented  in  Plate  4.  fig.  4,  where  a  a 
is  a  vein  intersecting  a  rock ;  it  divides  in  part  of  its  course  and 
unites  again,  and  finally  branches  ofi*  into  small  strings.  In  many 
instances  these  strings  lead  to  a  further  continuation  of  the  vein  ; 
perhaps  this  would  be  found  to  be  the  case  in  all,  were  the  work- 
ings carried  on  in  the  same  direction.  6  6  is  another  vein  which 
cuts  through  the  former,  and  has  thrown  the  lower  part  of  the 
vein  a  out  of  its  course.  Sometimes  one  vein  passes  through  an- 
other without  changing  its  direction.  When  one  vein  crossoB 
another  which  has  an  opposite  inclination,  it  is  observed  that  tbef 
often  become  poorer ;  but  when  two  veins  which  have  the  maUb 
general  inclination  unite,  they  are  most  firequently  very  rich  ii 
ore  at  the  junction ;  (Plate  7.  fig.  4.  a  and  6 ;)  and  when  a  naa- 
ber  of  veins  cross  each  other  at  one  place,  they  sometimes  fbnn 
a  cone  or  mass  of  ore  of  prodigious  size,  widening  as  it  descendii 
Such  are  called  accumulated  veins.  They  occur  in  the  minflq[ 
district  of  Durham  and  Northumberland,  in  the  metallifeiov 
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limestone.  The  excavation  formed  when  the  ore  is  worked  out 
resembles  in  shape  the  inside  of  a  large  glass  furnace.  The 
masses  of  ore  formed  by  the  junction  of  numerous  veins  converg- 
ing to  one  place,  are  very  different  from  the  masses  of  ore  formed 
by  the  swelling  out  of  one  metallic  bed  before  described. 

The  direction  of  rake  veins  is  not  very  regular.  In  England, 
the  principal  veins  generally  run  nearly  east  and  west,  and  north- 
east and  south-west ;  but  have  frequently  undulations  and  devia« 
tions  from  a  straight  line :  the  most  powerful  veins  are  more  reg- 
ular in  their  course  than  smaller  ones.  Where  two  veins  in  the 
same  district  have  the  same  direction,  or  run  parallel,  it  is  observ- 
ed that  theur  contents  are  similar ;  but  where  they  run  in  differ- 
ent directions,  the  contents  vary.  Molina,  in  his  interesting  His- 
tory of  Chili,  mentions  a  vein  of  silver  at  Uspalata,  in  the  Andes, 
which  is  nine  feet  in  thickness  throughout  its  whole  extent,  and 
has  been  traced  ninety  miles.  Smaller  veins  branch  off  from 
each  side  of  it,  and  penetrate  the  neighbouring  mountains  to  the 
distance  of  thirty  miles.  It  is  believed  that  this  vein  stretches  to 
the  distance  of  three  hundred  miles.  A  vein  called  the  Tids- 
well  Rake,  in  Derbyshire,  extends  some  miles  east  and  west ;  it 
is  worked  from  the  surface,  and  may  be  seen  near  the  road  side, 
between  Great  Hucklow  and  Tidswell.  I  was  informed  in  Corn- 
wall, that  no  vein  in  that  country  had  been  traced  in  length  more 
than  two  miles ;  nor  had  any  vein  been  worked  out  in  depth :  the 
common  width  of  the  veins  is  from  one  to  two  feet,  but  sometimes 
it  exceeds  thirty  feet. 

In  Cornwall  and  Devonshire,  and  in  the  mines  of  Northum- 
berland and  Durham,  the  principal  metallic  veins  range  nearly 
east  and  west.  In  the  former  counties  they  are  called  lodes,  in 
the  latter  right  running  veins.  The  north  and  south  veins  which 
intersect  them  are  called  cross  courses;  these  are  seldom  produc- 
tive of  ore.  The  thin  cross  courses  filled  with  clay  are  called 
jfami.  I  was  informed  by  an  intelligent  proprietor  of  mines  in 
Cornwall,  that  these  thin  cross  courses  invariably  displace  the 
Veins,  and  hold  up  the  water  on  one  side  of  the  vein  ;  but  it  is 
most  worthy  of  notice,  that  a  vein  which  is  rich  in  ore  on  one 
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side  of  the  fluan,  will  be  poor  on  the  other.  Query,  1$  thi$  cm- 
nected  with  the  fluan  holding  up  the  water  ?  In  Cornwall  the 
cross  courses  displace  the  east  and  west  veins ;  the  displacement 
is  only  a  few  inches  in  some  veins,  in  others  it  is  several  fathoms. 
On  Alston  Moor  in  Cumberland,  a  large  cross  course  called  Old 
Carres  cross  vein,  cuts  through  two  veins  called  Goodham  GiD 
vein  and  Grass  Field  hill  vein,  and  has  thrown  them  aside  about 
fifteen  or  twenty  fathoms.  When  the  cross  course  intersects  the 
east  and  west  veins  at  right  angles,  the  displacement  is  generally 
less,  than  when  it  strikes  it  in  an  oblique  direction.  This  effect 
will  be  more  clearly  conceived  by  referring  to  Plate  7.  fig.  3.  which 
is  supposed  to  represent  a  ground  plan  of  the  principal  veins  in- 
tersected by  a  cross  course. 

In  Northumberland  and  Durham,  cross  courses  contain  ore, 
near  their  junction  with  powerful  veins.  In  Cornwall,  ores  of 
silver  and  cobalt  have  been  found  in  some  of  the  cross  courses; 
and  at  the  Botallack  mine,  north  of  the  Land^s  End,  a  powerful 
cross  course,  running  north  and  south,  is  made  rich  by  the  junc- 
tion of  east  veins,  which  resemble  small  rivulets,  opening  into  a 
river.  Their  position  will  be  better  understood  by  referring  to 
Plate  7.  fig.  6.  The  direction  of  the  cross  course  or  great  vein 
running  north  and  south,  is  represented  by  the  letters  N.  S.  the  di- 
rection of  the  small  veins,  rich  in  ore,  which  open  into  it,  are  repre- 
sented \yj  ee  e.  The  cross  course  is  rich  in  ore,  to  the  distance  of 
twenty  or  thirty  fathoms,  on  each  side  of  its  junction  with  a  vein ; 
but  no  veins  are  found  branching  from  the  west  side  of  the  cross 
course.  The  cross  course  is  worked  in  those  parts,  where  it  is 
rendered  rich  by  the  junction  with  veins ;  the  small  veins  are  also 
worked  for  ore,  and  are  very  productive.  The  rock  is  what  is 
called  a  free  or  soft  killas,  near  the  great  cross  course  or  vein ; 
but  further  from  it,  it  becomes  a  hard  blue  Elvan  flinty  slate.  The 
width  of  the  vein  varies  from  nine  to  twelve  feet.  It  contains 
gray  copper  ore  of  a  rich  quahty.  Sometimes  the  sides  of  the 
vein  arc  copper  ore,  and  the  middle  is  tin  ore,  as  represented 
Plate  7.  fig.  7,  which  is  a  vertical  section  of  part  of  the  vein; 
fig.  G.  ii  an  horizontal  section.    The  master  of  the  mine  furnish- 
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od  me  with  the  above  particulars ;  and  under  his  direction,  I  made, 
on  the  ipot,  the  two  rough  sections,  which  will  serve  to  convey  a 
better  notion  of  this  singular  metallic  repository,  than  can  be  ob- 
tained by  a  verbal  description. 

Nor  shoohl  it  be  omitted,  that  the  entrance  of  this  mine  is  at 
the  foot  of  a  precipice  more  than  two  hundred  feet  in  height,  on 
the  border  of  the  Atlantic  Ocean,  and  the  workings  of  the  mine 
extend  two  hundred  and  thirty  yards  under  the  sea.  From  this 
submarine  recess,  I  saw  rise  up,  one  of  the  best-formed  and  no- 
blest-looking men  I  ever  beheld,  a  perfect  model  for  the  Apollo  of 
a  sculptor. 

Particular  metallic  ores  are  peculiar  to  certain  rocks.  Thus, 
tin-ore  occors  in  granite  and  some  kinds  of  slate,  but  has  never 
been  found  in  limestone.  Certain  ores  are  not  unfrequently  as- 
■ociated  together :  thus  lead  and  zinc  often  occur  in  the  same 
.  vein,  but  in  different  proportions.  The  same  metal  in  various 
combinations  is  often  found  in  one  vein :  thus  native  copper,  sul- 
phuret  of  copper,  carbonate  of  copper  or  malachite,  sulphate  of 
copper  or  Une  vitriol,  and  copper  combined  with  lead  and  iron, 
frequently  occur  together  in  the  same  mine. 

Galena,  a  sulphuret  of  lead,  is  often  associated  with  white 
lead  ore,  or  carbonate  of  lead.  The  latter,  though  a  rich  ore 
containing  seventy  per  cent  of  lead,  has  no  metallic  appearance, 
and  .was  mistaken  for  cawk,  and  thrown  away,  by  the  miners  in 
Derbyshire,  until  the  year  1 803  or  1 804.  The  mines  of  that  coun- 
ty have  been  worked  ever  since  the  time  of  the  Emperor  Adrian, 
and  the  quantity  of  ore  which  has  been  wasted  during  that  pe- 
riod roust  have  been  immense.* 


*  In  1810  few  of  the  worldng  miners  could  distingubh  compact  white  lead  ore, 
cawk  or  sulphate  of  barytcs ;  their  <ipecific  gravity  and  appearance  are  not  very 
dUfcrrat  The  ibilowing  tent  is  of  easy  application,  and  will  serve  to  discover  the 
fnvtenee  of  lead : — If  a  small  quantity  of  flowers  of  sulphur,  mixt  with  a  little  pot- 
or  soda,  be  melted  on  the  point  of  a  knife,  in  a  caudle,  and  applied  to  the  moist- 
saiiice  of  the  stone,  it  will  make  a  black  spot  if  the  mineral  contain  white 
l6id  ore. 
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In  what  manner  metallic  veins  were  filled  with  ore  has  greatly 
divided  the  opinions  of  geologists.  Dr.  Button  supposes  ttut 
both  dykes  and  veins  were  filled  with  their  contents  in  a  state  of 
fiision  by  injection  from  below,  the  expansive  force  of  the  melted 
matter  having  cracked  the  surface,  and  opened  a  passage  for  its 
reception.  That  many  dykes  were  so  formed  I  think  probable, 
fi*om  circumstances  previously  stated.  Other  dykes  appear  to 
have  been  open  fissures  filled  by  materials  washed  from  the  sur* 
face,  and  contain  rounded  stones  and  sometimes  undecayed  veg^ 
etable  matter.  From  a  dyke  of  clay  in  a  coal  mine  to  Yorkshire, 
two  hundred  and  fifteen  feet  deep,  I  have  drawn  out  long  vegeta* 
ble  fibres,  apparently  roots;  the  woody  part  of  which  was  un- 
changed, and  burned  like  the  roots  of  common  weeds.  Werotf 
supposes  all  veins  and  dykes  were  first  produced  by  the  ahrinkiog 
of  the  materials  of  which  mountains  are  composed ;  and  tbit 
metallic  veins  have  been  filled  from  above  by  the  ores  in  a  state 
of  solution.  This  theory  has  been  advanced  with  much  confi- 
dence, and  warmly  supported  by  many  geologists:  but  I  have 
no  hesitation  in  asserting,  that  it  is  demonstratively  repugnant  to 
facts:  indeed,  the  implicit  credit  which  has  been  given  to  We^ 
ner^s  dogmas  on  this  subject,  is  one,  among  numerous  instances, 
of  men  of  distinguished  talents  resigning  their  judgment  to  au- 
thority, and  supporting  the  most  absurd  propositions,  when  con- 
formable to  their  favourite  hypotheses.  If  veins  were  filled  by 
metallic  solutions  from  above,  these  solutions  must  have  covered 
the  highest  mountains  over  the  whole  earth  ;  and  instead  of  find- 
ing metallic  ores  in  the  present  confined  repositories,  they  would 
fill  all  the  cavities  and  valleys  in  every  part  of  the  world.  As  thii 
theory  supposes  likewise  that  veins  were  formed  at  diflfereot  times, 
a  number  of  these  metallic  solutions  would  succeed  each  other, 
and  we  should  find  regular  strata  of  ore  in  all  primary  and  traui* 
ition  rocks ;  and  the  quantity  formed  by  these  deep  seas  of  me- 
tallic matter  would  be  inconceivably  great.* 

*  Metallic  ores  may,  in  some  instances,  have  been  formed  in  fissures  which  ww9 
€DCe  open  at  the  top,  or  veins  may  have  been  re-opened  by  a  subsequent  convuliiaB* 
The  round  pebbles  which  are  someHnie<«  found  in  veins,  prove  that  there  fflOft  io 
such  infftinces  have  been  a  connection  with  the  sur&ce. 


FaaiUTION  OF  METALUC  VEINS.  303 

This  theory  is  decidedly  invalidated  by  the  following  facts. 
When  a  metallic  veia  passes  through  dificrent  kinds  of  rock,  it 
is  generally  observed  that  the  quality  of  the  ore  varies  with  that 
of  the  rock  through  which  it  passes;  and  even  different  beds  of 
the  same  rock  are  more  productive  than  others,  and  are  called  by 
miners  bearing  measures.  This  is  the  case  in  Durham,  Derby- 
shire, Cornwall,  and  probably  in  every  mining  district  in  England 
and  Wales. 

Not  only  does  the  variation  in  the  nature  of  the  rock  occasion 
a  change  in  the  quantity  or  quality  of  the  ore,  but  the  mineral 
substiince  or  matrix  which  accompanies  ores,  generally  varies  in 
different  kinds  of  rock.  Quartz  and  barytes  are  more  frequent 
in  granite  and  slate  rocks,  than  calcareous  spar.  In  calcareous 
mountains,  quartz  is  more  rarely  the  prevailing  matrix.  In  the 
counties  of  Durham  and  Northumberland,  veins  pass  through  si- 
liceous sandstone,  argillaceous  shale,  and  limestone.  See  Plate 
7.  fig.  3.  The  ore  is  more  abundant  in  the  limestone  than  in  the 
sandstone,  and  in  the  shale  provincially  called  plate^  ore  very  rare- 
fy if  ever  occurs.  In  one  mine  at  Welhope,  the  matrix  of  the 
vein,  as  it  passes  through  the  sandstone,  is  cawk  or  the  sulphate  of 
barytes ;  but  when  it  enters  the  limestone,  it  changes  to  carbo- 
nate of  barytes  in  balls,  having  a  radiated  diverging  structure. 
But  what  is  still  more  deserving  of  notice,  when  the  rock  on  one 
side  of  a  vein  is  thrown  up  or  down  considerably,  so  as  to  bring  a 
stratum  of  limestone  opposite  a  stratum  of  sandstone,  or  when 
what  are  called  the  walls  or  cheeks  of  the  vein  are  of  two  dif- 
ferent kinds  of  stone,  (see  Plate  7.  fig.  5.)  the  vein  is  never  so 
productive  in  ore,  as  when  both  sides  of  the  vein  arc  of  the  same 
kind.  This  (act  alone  seems  sufficient  to  invalidate  the  theory  of 
Werner,  that  veins  virere  filled  with  metallic  solutions  poured  in 
from  the  upper  part.  Had  this  been  the  case,  the  nature  of  the 
rock  could  have  made  no  difference  in  the  quality  or  quantity  of 

the  ore. 

Werner  in  his  Treatise  of  Veins,  states  one  instance,  as  if  it 
were  extraordinary,  of  the  ore  changing  its  quality,  as  the  vein 
passed  through  different  rocks ;   and  is  inclined  to  admit  that 
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elective  affinity  for  the  rock,  may  have  contributed  to  the  efidct 
The  circumstance,  so  far  from  being  extraordinary,  is  of  cobiiikni 
occurrence,  and  known  to  all  working  miners.  The  entire  cet- 
sation  of  the  ore  in  one  part  of  a  rock,  and  its  re-appearance  be- 
low, are  still  more  striking. 

In  Derbyshire,  the  beds  of  metalliferous  limestone  are  separa- 
ted by  beds  of  basaltic  rock,  called  toadstone.*  When  a  vein  of 
lead  is  worked  through  the  first  limestone  down  to  the  toadstone, 
it  ceases  to  contain  any  ore,  and  often  entirely  disappears :  oo 
sinking  through  the  toadstone  to  the  second  limestone,  the  ore  ii 
found  again,  but  is  cut  off  by  a  lower  bed  of  toadstone,  under 
which  it  appears  again  in  the  third  limestone.  In  strong  veiii% 
particles  of  lead  occur  in  the  toadstone,  but  in  very  small  qQ8»> 
titles. 

If  mineral  veins  were  filled  from  above  by  metallic  solntioof, 
it  is  impossible  to  conceive  that  the  nature  of  the  rock  shooM 
change  the  quality  of  the  ore;  much  less  could  the  ore  disappear 
in  one  stratum,  and  appear  again  in  a  stratum  below  it.  Nor 
could  the  vein  be  filled  with  melted  matter  ejected  from  below ; 
for  in  either  case  it  would  be  equally  impossible  to  explain  why 
the  ore  is  separated  by  the  toadstone,  though  the  vein  is  contai- 
ued  through  it  See  Plate  4.  fig.  5,  where  6  6  6  are  three  bed* 
of  limestone  divided  by  beds  of  toadstone  e  e,  and  covered  by 
sandstone.  When  the  vein  descends  to  the  first  bed  of  toadstone 
e,  it  entirely  disappears  ;  but  on  sinking  through  to  the  second 


*  The  fact  of  metallic  veins  being  entirely  cut  off  by  the  beds  of  toadstone,  has  re- 
cently been  doubted ;  it  b  supposed  that  the  vein  is  continued  llirougb  the  toad- 
stone, though  it  contains  no  ore  :  but  the  fact  of  veins  being  cut  off  by  the  iniint  of 
clay  between  the  strata  (called  way- boards)  has  not  been  denied,  that  I  know  cC 
The  last  time  I  was  in  Derbyshire,  I  endeavored,  but  in  vain,  to  obtain  correct  ii^ 
formation  respecting  the  veuis  being  entirely  cut  through  by  the  toadstone.  Time 
is,  at  the  present  time,  a  vein  working  in  what  is  called  toadstone,  above  the  ifBagt 
of  Matlock ;  but  the  stone  is  a  soiUsh  green  argillaceous  stone,  intermixed 
limestone.  If  the  way-boards  of  clay  cut  through  the  metallic  veins,  the 
sions  to  be  drawn  from  the  fact,  are  the  same  as  if  they  were  cut  through  by  toad- 
stone. I  have  therefore  left  the  description  of  the  Derbyshire  veins  unaltered  fnm 
the  former  edition. 


-13:  Tji^f 


bed  of  limestone  b,  ib*  t*!s  b  iyxaz  ltlxi  .  "  zsLZ^zt^u^  i  5^-: 
ond  tioie  at  the  next  bed  ^ i'Mtsz.:iui.  tzi:  r-r-LrcKLr*  n  -^e  •:  *- 
er  limestone.  Another  if^  m  e~  »  *unc»:»s-'.-:  ::  rttirr'nr-  -!♦■ 
beds  of  toedsCooe  e  e,  bat  coesuas  i#:  :r^  wTttr--  "  :;*.?=•*-?  .n— 'Ict. 
them.  The  upper  pan  «  i^it  t**ji.  s  ^  •»':r--.r-t:-M  l?  T»»^»f':-i- 
ting  the  supeiiuciUDbest  «uw2«t:o£^.  vui^ti  1^  *i-*n*r'..zi*'.rT  ~.:h  '.:i=-; 
in  this  part  of  the  Tcin  xbe  isr'jfz  ir*r-.i:in*  :*">:if:-.:i:.-i  -r  —r;  "i-n 
mine  near  Casiiet^n  are  dlar■^:T*r*l:      Iz.  *-'r'T  * -:••-•- it.-   v:^-? 

the  beds  of  bmeftooe  are  ^n^yic.  vj  «i»x=i*  :•:'  :  .1-  :• :•-.  ;l  - 

called  war-boards,  these  wit-*^:*^^  nr.  :c  ti»»  '--z  l-  ■:'5--:-:- 
ally  as  the  toacUtone.  Soc*i  i*€^  zrr-r*  i::i,-  -.iitf-i  -^;:r?  T--r 
not  filled  firom  aboie.  ProfesKC  Jt:&*!5<:c  ::fc*  ::c:k-:-::v:  \ir 
the  beds  of  toad«iooe  and  hm'^oore  -^  L^-^'*^-:-^.  v  r:  v.-.  ^'^ 
tallic  reins,  were  all  cot«nprjcir>»->2*-  i_fi  "hl:  -.:-  l.--  ':•-. 
crossed  throogfa  the  reins,  at  ti>e  i.rK   :<f  i^j^r  v.*^  i"  :•:- 

the  different  organic  remaiz^f  :a  :.:#=  ^^•^  *^-  -"^-.'^  '-^-t 
limestone  predode  the  poe?itpiiitT  of  :ri^r  m^  i=;r  :•:-  _  :■  •-t..=-.:  u 
the  same  time.  The  loopone*  in  Urt  j-»t*  i»*?:  -:'  ":«:i  :':.»i 
not  be  Hring  and  co-eii«teni  with  i.-ie  «oe_  2*1-  _:  n't  :  T'I^t*  :  «• 
with  the  regetable  remains  occasx-calj  y.r^z^z  -ii  ::*t  •.ur'-.-'-C'r 
which  freqoentlr  covers  the  wrK-^e.  kj:>^  izi-  "■*•:■-  v.-r  '-.  Zii 
sometimes  shoot.  Curier  ha«  wel  '-.Dsene'C.  :^i:  v.^^  -tt  r.^-.-.A 
of  different  organic  remain?  on<er<  i.-^.  jz:^-*:!! -r  :<-•:•>.  -..i- --.^ 
upper  and  lower  strata  in  wOKh  ih^j  were  ?':<.---,  ^st-r  fi-rz^i  ji 
succession. 

If  metallic  matter  were  not  poured  in  from  ai>0T^.  r.  .r  r  ''.'.r.: 
firom  below,  in  what  manner  did  it  come  nito  Utf:  ^r:.ri  — 7;.* 
state  of  chemical  science,  and  the  facu  at  present  kriO»T:.  ^^ 
too  limited  to  furnish  a  solution  to  this  interesting  quer.or.. 
There  are,  however,  certain  indications  which  mar  sene  a?  a 
clue  to  future  discovery.  The  variation  of  the  mineral  procuo 
in  veins  as  they  pass  through  different  strata,  seems  to  prove  that 
the  strata  were  efficient  causes  in  producing  this  variation.  Per- 
haps metallic  matter  was  diffused  through  different  rocks  accord- 
ing to  their  elective  affinity,  and  separated  from  them  by  %'oltaic 
electricity,  the  different  sides  of  the  vein  possessing  different 

39 
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States  of  electricity ;  or  the  strata  may  act  like  a  series  of  plates 
ID  tht"  voltaic  pile,  separating  and  secreting  metallic  matter  from 
its  different  combinations.  Some  of  the  metals  and  other  sob- 
stances  found  in  veins,  are  capable  of  solution  in  hydrogen  gas, 
and  perhaps  all  of  them  may  Lie  so  by  natural  processes ;  in  this 
state  they  may  have  penetrated  the  vein  and  deposited  their  con- 
tents. 

The  discovery  of  the  metallic  nature  of  the  very  earths  of 
which  rocks  arc  composed,  and  the  probability  that  the  metab 
themselves  are  compound  substances,  of  which  hydrogeo  forms 
a  part,  open  new  views  respecting  the  formation  of  metallic  mtt- 
ter  by  natural  processes,  which  may  be  within  the  reach  of  ho- 
man  power  to  develop,  if  not  to  imitate. 

If  metallic  matter  be  now  forming  in  mines,  the  process  of  its 
formation  is  extremely  slow ;  but  there  are  circumstances  which 
appear  to  prove  that  it  may  in  some  instances  be  perceived.  Mr. 
Trebra,  director  of  the  mines  in  Hanover,  informed  a  gentlemao 
of  my  acquaintance,  that  he  had  seen  a  leather  thong  suspended 
from  the  roof  of  a  mine,  coated  with  silver  ore :  he  has  also  ob- 
served native  silver  and  vitreous  silver  ore  coating  the  woodea 
supports  left  in  a  mine  called  Dreyweiber,  in  the  district  of  Ma- 
rienburgh,  which  had  been  under  water  two  hundred  years,  and 
was  opened  in  1777. 

Mr.  Trebra  was  led  from  his  own  observations  on  mines  to  in- 
fer, that  metallic  ores  are  formed  by  mineral  exhalations,  or  were 
once  in  a  gaseous  state.  Mr.  Wcstgarth  Forster,  a  practical  mi- 
ner in  Northumberland,  states,  that  at  Wolfclough  mine,  in  the 
county  of  Durham,  which  was  closed  for  more  than  twenty  yearsi 
and  opened  again,  needles  of  white  lead  ore  were  observed  pro* 
jectingfrom  the  walls,  more  than  two  inches  in  length. 

These  and  other  phenomena  observable  in  mines,  may  coa- 
vince  us  that  there  are  processes  going  on  at  present  in  the  great 
laboratory  of  the  earth,  and  perhaps  there  are  analogous  proceS' 
ses  taking  place  in  the  atmosphere,  which  may  throw  some  lq[ht 
on  these  hidden  operations  of  nature.  The  formation  of  saliM 
matter  on  the  surface  of  walls,  is  a  fact  which  merits  more  9it» 
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tion  than  it  has  hitherto  received.  Dr.  Kidd.  of  Oxford,  has  pub- 
lished some  Yery  ingenious  observations  and  e.\pehmcn:s  od  iLe 
spontaneous  production  of  nitre  on  limestone,  whii-h  may  lead  to 
more  important  results  than  the  learned  Professor  appears  lo 
have  anticipated.  These  experimenii  show,  that  neither  the  al* 
kali  nor  the  acid  exists  previously  in  the  stone.  \or  do  ibc-y  ex- 
ist ready  formed  in  the  moisture  of  the  atmosphere,  dry  I'njsty 
weather  being  particularly  favorable  to  the  rapid  production  of 
nitre,  and  moist  weather  the  contrary. 

When  a  portion  of  the  wall  was  protected  from  access  to  the 
atmosphere  by  glass,  which  projected  a  little  distance  from  (he 
surface,  the  formation  of  nitre  went  on  for  a  certain  time  and  tijcn 
ceased.  The  saline  cr\'stals  were  better  defined  and  !on2er  than 
on  the  other  parts  of  the  wall.  When  the  wail  was  coated  with 
with  paint,  crystals  of  nitre  were  even  formed  on  the  paint.  The 
formation  of  carbonate  of  lead  on  the  walls  of  the  mir^e  at  Wolf- 
clough  may  be  analogous  to  the  formation  of  nitre:  and  in  both 
instances,  the  surface  of  the  wall  and  of  the  atmosphere,  may 
perhaps  be  considered  as  two  galvanic  platt-s  in  action,  decom- 
posing and  recompounding  the  elements  of  motaliic  or  saline 
matter  from  the  atmosphere,  or  the  gaseous  fluids  with  which  it 
is  intermixed.  The  base  of  nitre  (potassium  i  is  known  to  be  a 
metal ;  and  could  we  seize  nature  in  the  act  of  producing  a  fixed 
alkali  from  more  simple  elements,  we  mijsht  compel  her  to  reveal 
the  process  by  which  she  prepares  her  metatiic  treasures  in  the 
deep  recesses  of  the  earth.  Xor  can  the  discovery  be  very  re- 
mote; for  we  are  already  acc^uainted  with  the  composition  of  the 
volatile  alkali,  and  are  thereby  enabled  successfully  to  imitate 
nature  in  its  formation. 

When  the  matrix,  or  the  substance  which  principally  fills  veins, 
is  a  soft  unctuous  clay,  masses  and  particles  of  ore  arc  often  dis« 
geminated  through  it,  varying  in  size  from  a  pea  to  that  of  a 
large  gourd,  and  arc  sometimes  even  of  many  tons  weight.  Mas- 
ses of  vein-stone  are  also  imbedded  in  the  same  manner;  and  it 
is  observed  that  the  masses  both  of  ore  and  vein-stone  are  of  no 
determinate  shape,  and  have  generally  the  appearance  of  being 
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corroded.  Arc  wc  to  conclude  in  such  instances,  that  the  htid 
minerals  and  metallic  ores,  have  been  formed  in  the  substance  of 
the  clay  by  some  peculiar  elective  affinity,  or  that  they  once  oc^ 
cupied  the  cavity  of  the  vein,  and  have  been  all  subsequently  de- 
composed,  except  the  remaining  detached  masses  ?  I  should  be 
more  inclined  to  adopt  the  former  opinion ;  but  it  must  be  allow- 
ed, that  there  are  inexplicable  instances  of  the  disappearance  of 
minerals  which  formerly  existed  in  veins. 

The  formation  of  one  mineral  upon  the  crystals  of  another,  and 
the  disappearance  of  the  crystal  which  has  served  as  the  mooM, 
is  indeed  a  common  phenomenon  in  many  English  mines.  I  have 
before  me  a  mass  of  rock  crystal  from  Durham,  formed  on  cubic 
fluorspar;  but  the  crystals  of  the  latter  have  entirely  disappear- 
ed, leaving  nothing  but  the  impression  of  their  form.  In  the 
mines  of  Derbyshire,  incrustations  of  calamine  are  formed  on  cal- 
careous crystals,  taking  the  shape  of  the  dog-tooth  spar ;  bot  in 
these  false  crystals,  no  trace  of  the  interior  crystal  is  left  Cer- 
tain local  causes  also  appear  to  influence  the  crystallization  of 
minerals  in  difierent  districts,  and  dispose  them  to  take  peculiar 
secondary  forms,  which  may  be  considered  as  appropriate  to  the 
minerals  of  that  district.  The  pyramidal  crystallization  of  ca^ 
bonate  of  lime,  called  the  dog-tooth  spar,  (Chaux  carbonattt  me- 
tastatiijue  of  Ilaiiy,)  is  abundant  in  some  of  the  mines  of  Derby- 
shire ;  whilst  the  same  mineral  rarely  assumes  that  form  in  the 
mines  of  Northumberland  and  Durham,  but  is  crystallized  in  oth- 
er forms,  which  are  equally  rare  in  the  Derbyshire  mines.  Fhior 
spar,  and  barytes  spar,  have  appropriate  forms  in  difierent  dis- 
tricts, from  which  any  deviations  may  be  considered  as  varietieiL 
The  causes  which  occasion  this  diversity  of  secondary  forms  in 
minerals,  whose  constituent  parts  appear  by  chemical  analysis  to 
be  precisely  the  same,  are  unknown ;  nor  are  we  able  to  ezphia 
in  what  manner  the  crystals  before  mentioned  have  disappeared: 
but  these  facts  prove,  that  the  powers  of  nature  extend  beyood 
the  present  limits  of  science ;  and  it  is  more  consonant  with  the 
true  spirit  of  philosophy  frankly  to  acknowledge  our  ignorance, 
than  to  form  systems  from  imperfect  data,  which  can  serve  ooly 
to  perpetuate  error. 
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Metallic  ores  in  roanded  fragments,  and  grains  of  native  met- 
als, are  frequently  found  in  the  sands  of  rivers ;  they  have  been 
carried  there  by  torrents  or  inundations ;  the  rocks  in  which  they 
were  originally  formed,  having  been  disintegrated  or  decompo- 
sed. The  metals  gold,  and  platina,  being  indestructible  by  the 
action  of  air,  water,  or  the  mineral  acids,  remain  for  ages  unchan- 
ged, in  the  form  of  minute  grains.  The  oxide  of  tin  is  a  very 
heavy  and  bard  mineral ;  and  it  is  owing  to  its  weight  and  inde- 
structibility, that  it  is  found  in  the  sands  of  rivers,  or  on  the  sea 
shore,  where  it  sometimes  occurs  in  considerable  quantities,  and 
h  separated  from  the  sand  or  alluvial  soil,  by  directing  streams  of 
water  over  it ;  hence  such  works  are  in  Cornwall  called  Stream 
Works.  With  the  pebbles  of  tin-stone,  there  are  fragments  of 
granite  and  other  rocks,  which  serve  to  indicate  from  what  moun- 
tains in  the  vicinity  the  stream  tin  has  been  washed  out.  Parti- 
cles and  small  pieces  of  gold  are  sometimes  found  with  stream 
tin,  in  the  sands  of  Cornwall. 

Mr.  Hennah,  of  Plymouth,  has  in  his  collection  several  piocf-.^ 
of  native  gold,  varying  from  the  size  of  a  bean  to  that  of  a  haz^rl- 
nut ;  they  were  found  in  stream  works  near  St.  Au.stf:l :  he  has 
also  a  specimen  of  stream  tin,  eight  or  nine  inches  in  I<:ngth,  and 
five  or  six  in  breadth,  which  was  evidently  once  part  of  a  vrrin. 
In  the  same  stream  work  they  could  distinguish  &t  diff«;rf:nt 
depths,  the  different  veins  from  which  the  ore  had  been  wa«sh<;rj 
out.    The  pebbles  of  tin  ore,  have  in  some  Hituations  l>ec;n  wa>;h- 
ed  into  the  sea,  and  afterwards  covered  by  beds  of  clay  or  i;ravf:|. 
In  Mount^s  Bay,  south  of  the  town  of  Penzance,  there  was  for- 
merly a  bed  of  stream  tin  worked  under  the  sea.    The  btrc^rn  tin 
covers  the  killas  or  slate  rock  of  the  country,  and  in  coverf:d  by  a 
bed  of  clay:  a  perpendicular  shaft  or  tunnel  was  Hunk  throuf^h 
the  clay,  and  the  bed  of  stream  tin  was  workf;d  like  a  bed  of 
coal,  the  clay  forming  the  roof.    Sec  Plate  7,  fiff.  ?;.    Th':  work- 
ings were  continued  under  the  sea,  but  were  at  length  inundated 
and  discontinued. 

The  following  is  a  summary  account  of  the  vf^ka  and  situations 
in  which  the  different  metallir  oros  are  gonfrrallv  found  • 
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Platina  and  the  recently  discovered  metals  called  palladknn, 
rhodium,  osmium,  and  iridium,  have  been  found  only  in  the  saDds 
of  rivers. 

Gold  and  silver  are  found  in  primary  and  transition  rocks,  in 
porphyry  and  sienite,  and  in  the  lowest  sandstone.  Gold  hss 
been  occasionally  discovered  in  coal,  and  very  abundantly  in  the 
sands  of  rivers,  and  sometimes  in  volcanic  rocks. 

Mercury  is  found  in  slate,  in  limestone,  and  in  coal  strata. 

Copper  in  primary  and  transition  rocks,  in  porphyry,  siaute, 
and  occasionally  in  sandstone,  in  coal  strata,  and  alluvial  groood. 
Masses  of  native  copper  of  many  thousand  pounds  weight,  are 
said  to  be  found  on  the  surface  in  the  interior  of  North  Ameria. 

Iron,  in  every  kind  of  rock. 

Tin,  in  granite,  gneiss,  mica-slate,  and  slate. 

Lead  and  zinc,  in  primary  and  transition  rocks,  except  trap  and 
serpentine ;  in  porphyry  and  sienite ;  in  the  lowest  sandstone,  and 
occasionally  in  coal  strata. 

Antimony,  in  primary  and  transition  mountains,  except  trap 
and  serpentine ;  it  is  also  found  in  porphyry  and  sienite. 

Nickel,  bismuth,  cobalt,  in  primary  mountains,  except  lime* 
stone,  trap,  a/id  serpentine.  Cobalt  and  nickel  also  occur  ii 
transition  mountains,  and  in  sandstone. 

Arsenic,  in  primary  and  transition  mountains,  and  in  porphyiy. 

Manganese,  in  primary  and  transition  mountains,  and  oocap 
sionally  in  the  lower  stratified  rocks. 

Molybdena  and  tungsten,  uranium  and  titanium,  in  granifiei 
gneiss,  mica-slate,  and  slate.  The  latter  metals,  with  chromhiiBi 
columbium,  cerium,  and  tellurium,  are  very  rare  in  nature,  aid 
can  be  reduced  to  the  metcdlic  state  only  with  great  difficulty. 
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Tax  diHMVKiia  if  *icL?  mic  ii.:*iiicziii»  £•  r.-ii^^u^.:'-  Uiiimi 

loftj  cEft  iBft  fauxHai::^  u-t  itb lua..  '  v^^ur-nx  i(:«v-:     ui:  jt* 
proeeB  «S »  in.  Tniu   zitr-  ir*  i-:»'-:rfi   wvi  -:u  ui:  «-.:r:^u- 

which  at  pnaac  cobtSs*  ':  .-••aii:*  ::iii  n« j?  fi^^aiet  lii:  :r  m- 
inent  putt  ot  s*i  earn  *  nrib:^.  lh:   --i-::*ci:i-    uita*  nu-isriLs 
IdIo  plaini.  or  t>  ti*  s^i  h'^zrt.  u»*rt  l'^:  t—ii-rnr.  ai:->:xii:cu   :<■ 
the  dettnicthe  *5r»:*^  -x  hz.-z'**t:-i  ^  :^«ii-i':crf.  w:.»:i.  i.n-j  f*-:rc 
over  theiarCu%  of  lae  pn-stzi  ::ci^-:v>-  mt-;  TiriTL;-:?!  i*:  v 
TalleyiytoraofftnesGrxi.'^  .:f:-Tr  .-iTLi^: -•:'----l-i:4,  Lr^ifi-r^id 
their  nnas  in  iaiaaen*':  tri^zifzu   it^:   zjsZlt.z  r>r*:c».     T:* 
•mndiBoil,  or  fragmeDts.  broujL:  c:^t:    bj  r.^rr*.  i:>i  «^<^^i 
aloDg  their  baDk>  or  at  ih^ir  ir*  v^ins.  2re  c^.ed  allvrij*  vjKvn- 
tMMU.    The  blocks  of  rock,  ^nd  the  beii?  of  :rr^^el  sonn-ad  or 
■cattered  on  the  surface  of  ihe  crounJ.  composed  of  stone  or 
fragments  foreign  to  the  disirict  in  which  ther  are  spread,  and 
which  frequently  cover  the  bones  of  unknown  species  of  quadra- 
pedii,  are  called  diluvial  drpofitions^  viz.  depositions  which  hare 
been  formed  by  a  deluge.    We  shall  first  consider  the  causes 
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which  arc  at  present  wearing  down  the  surface  of  islands  and 
continents :  these  are  sometimes  adequate  to  produce  the  moit 
tremendous  effects,  and  to  overthrow  mountain  masses  of  im- 
mense magnitude.  By  considering  these  effects,  we  shall  be  b^- 
ter  prepared  to  admit  the  mighty  action  of  diluvial  ageocy  in  re- 
mote epochs.  Indeed  it  is  not  always  easy,  to  distinguish  wkh 
certainty  the  effects  of  alluvial  from  diluvial  agency.  We  have, 
however,  incontestible  evidence,  that  the  disintegration  of  moun- 
tains has  been  effected  by  both  causes. 

Instances  have  occurred  in  our  own  times  of  mountains  sud- 
denly falling  down,  and  burying  the  inhabitants  of  the  vales  be- 
low, under  their  ruins.  In  the  Alps,  the  process  of  disintegratioa 
is  rapidly  going  on  ;  but  such  is  the  immensity  of  these  enormooi 
mountains,  that  ages  pass  away,  before  any  diminution  of  thor 
bulk  is  perceived. 

According  to  the  account  of  Patrin,  who  had  traveDed  ii 
Northern  Asia,  the  whole  of  that  country  is  covered  to  the  depth 
of  Qiany  hundred  feet  by  innumerable  beds  of  micaceous  and  a^ 
gillaceous  sand,  washed  down  by  inundations  froai  the  high 
range  of  mountains  in  the  interior  of  Asia,  and  carried  as  fitf  si 
Siberia.  The  deserts  of  Arabia  are  also  covered  with  allavial  or 
diluvial  depositions.  C.  Leckie,  Esq.  informed  me,  that  between 
Hit  and  Tahiba,  the  soil  is  composed  of  sand  and  gravel,  os 
which  may  be  seen  small  volute  and  bivalve  shells ;  but  the  ssod 
is  not  loose  like  that  in  the  deserts  of  Libya. 

That  the  mountains  of  our  island  have  once  been  much 
than  at  present,  is  evident  to  every  one  who  has  attentively 
ined  them.  The  rocky  fragments  in  Borrowdale,  the  deep  xtt- 
vines  made  by  torrents  in  the  sides  of  Skiddaw,  the  immeM 
blocks  of  granite  from  Westdale  Craig  in  Westmoreland,  scsir 
tered  over  the  neighbouring  counties,  offer  striking  proo&  of  Ihii* 
The  central  parts  of  England  have  also  once  had  a  greater  efe 
vation.  The  white  quartz  pebbles  and  fragments  of  quartz  rod* 
sienite  and  flinty  slate,  spread  over  the  midland  counties,  are  thll| 
remains  of  the  decomposed  hills  in  Charnwood  Forest,  and  flflj 
others  once  connected  with  them,  which  are  now  worn  doml  i 
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Beds  of  ffint-gravel,  are  formed  by  the  disintegration  of  chalk 
rocks,  ID  which  flints  are  imbedded,  as  may  be  seen  on  the  sea 
shore  ander  chalk  clifis ;  but  beds  of  flint-gravel,  arc  also  spread 
over  many  parts  of  England  distant  from  chalk  rocks,  and  at  a 
considerable  elevation  above  the  level  of  the  sea.  Hence  we 
have  evidence  that  chalk  rocks  once  covered  a  larger  portion  of 
England  than  at  present.  It  is  however  in  the  vicinity  of  the 
Alps  that  the  disintegrating  efiects  of  the  elements,  and  those  of 
diluvial  agency,  are  most  strikingly  displayed.  Innumerable 
blocks  of  primary  rocks  torn  from  the  central  range  of  moun- 
tains, are  spread  over  the  calcareous  mountains,  and  in  the  val- 
leys, to  the  distance  of  one  hundred  miles  or  more  from  their  na- 
tive beds.  Blocks  of  great  size  are  also  found  immediately  un- 
der the  mountains  from  whence  they  have  fallen,  or  scattered 
over  the  surface  of  glaciers ;  and  as  the  lower  parts  of  the  gla- 
ciers are  gradually  melting,  the  upper  parts  progressively  move 
down  into  the  valleys,  and  deposit  the  fragments  in  heaps  at 
their  feet : — these  depositions  of  stone  are  called  tnorahis.  The 
destruction  of  granitic  and  schistose  mountains,  that  arc  divided 
by  nearly  vertical  seams  or  partings,  is  often  rapidly  effected ; 
i/vater,  insinuating  itself  into  the  interstices  or  seams,  becomes 
expanded  by  frost,  and  tears  down  great  masses  of  rock,  with  a 
sudden  explosion  like  that  of  gunpowder.  The  overthrow  of 
calcareous  rocks  is  effected  in  a  different  manner,  and  the  vast 
dfoulemenis  which  they  occasion,  are  more  terrific  and  destruc- 
tive than  the  eboulements  from  the  primary  mountains,  as  they 
generally  take  place  in  more  thickly  inhabited  districts. 

The  destruction  of  the  calcareous  mountains  in  the  Alps,  de- 
pends on  the  peculiar  composition  and  structure  of  these  moun- 
tains. In  the  year  1821, 1  passed  a  great  part  of  the  summer  in 
examining  the  calcareous  mountains  in  Savoy ;  the  structure  of 
which  was  then  not  understood,  or  at  least  had  not  been  descri- 
bed in  any  geological  work  that  I  had  met  with.  It  was  genc- 
tmlly  believed  that  the  calcareous  mountains  were  composed  en- 
tirely of  beds  of  limestone,  with  lofty  mural  precipices  on  the 
upper  part ;  and  that  the  lower  parts,  sloping  from  these  preci- 
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pices,  were  formed  of  the  debris  of  the  limestone.  So  far  from 
this  being  the  case,  the  calcareous  mountains  of  the  Alps,  whkh 
comprise  all  the  English  formations,  from  the  magoeaian  lime- 
stone to  chalk,  alternate  like  the  English  formations,  with  enor- 
mous beds  of  shale  and  soft  sandstone ;  and  it  is  to  this  aitemt- 
tion,  they  owe  the  frequent  destruction  of  the  upper  parts  of  the 
mountains. 

If  all  our  English  secondary  formations  were  by  some  powerfid 
cause  elevated  six  or  seven  thousand  feet  above  their  present 
level,  and  the  beds  bent  into  curves  constituting  several  ranges  of. 
mountains,  we  should  have  precisely  what  is  found  in  the  calca- 
reous ranges  of  the  Alps.  This  arched  form  of  the  calcareous 
mountains  is  represented  Plate  2.  fig.  1 .  and  fig.  2.  x  y.  Now  if 
one  thick  bed  of  limestone,  or  a  portion  of  it,  be  broken  off  as  at 
z,  fig.  2.  the  action  of  continued  rains  on  the  soft  beds  on  which 
it  rests,  will  undermine  it,  until  other  portions  of  the  limestone 
will  fall  down  ;  and  if  this  process  take  place  on  both  sides  of 
the  mountain,  the  whole  of  the  bed  of  limestone  will  fall,  eicept 
the  part  which  rests  flat  upon  the  summit :  and  in  this  manner 
have  been  left  the  enormous  caps  of  limestone,  like  immense  cas- 
tles, that  compose  the  summits  of  the  calcareous  mountains,  near 
the  lake  of  Annecy,  and  the  Bauges.  Sometimes  when  the 
mountains  are  seen  in  profile,  the  caps  which  form  an  extended 
range  in  front,  present  the  appearance  of  a  narrow  ridge  when 
seen  in  profile. 

The  mountain  called  the  Dent  d^Alen^on,  near  the  Lake  of 
Annecy,  offers  a  remarkable  instance  of  this.  See  Plate  2.  fig,  6. 
The  mass  of  limestone  on  its  summit, — which  I  found  by  trigo- 
nometrical measurement  to  rise  three  thousand  eight  hundred 
and  forty  feet  above  the  lake,  and  to  be  nearly  five  hundred  feet 
in  thickness, — was  undoubtedly  once  a  continuous  bed,  covering 
the  mountain  like  a  mantle,  as  represented  by  the  dotted  lines; 
in  the  course  of  ages,  the  side  a  a,  has  fallen  down,  and  the  steep 
escarpment  on  the  other  side  at  6,  is  at  present  underniiiiing«  bf 
the  action  of  rain  on  the  soft  bed  c  c,  and  preparing  for  a  furlhei 
disintegration.    The  soft  bed  c  c,  which  forms  the  talus  or  slope, 
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being  pardy  covered  with  vegetation  on  the  side  6  c,  is  in  some 
parts  protected  from  rapid  disintegration.  On  the  opposite  side 
of  the  valley,  I  found  that  the  thick  bed,  which  formed  the  talus 
or  slope  under  the  limestone,  was  lias  clay.  I  was  not  able  to 
ascend  the  Dent  d^Alenqon,  and  therefore  did  not  ascertain 
whether  the  bed  c  was  soft  sandstone  or  lias.  In  numerous  in- 
stances, the  upper  beds  of  limestone  in  the  mountains  of  Savoy 
may  be  observed  overlapping  and  overhanging,  as  at  a  a,  Plate 
3.  fig,  1,  and  are  thus  prepared  to  fall,  whenever  the  rain  and 
frost  has  widened  the  longitudinal  natural  fissures  in  the  lime- 
stone. The  present  state  of  Mont  Grenier,  south  of  Chambery, 
and  the  vast  ruins  in  the  plain  below,  offer  a  striking  illustration 
of  the  causes  which  are  in  operation,  to  disintegrate  the  vast  cal- 
careous mountains  of  Savoy. — ^The  following  description  is  cop- 
ied from  the  1st  volume  of  my  Travels.  ^^  A  part  of  Mont  Gre- 
nier fell  down  in  the  year  1248,  and  entirely  buried  five  parishes, 
and  the  town  and  church  of  St.  Andr6.  The  ruins  spread  over 
on  extent  of  about  nine  square  miles,  and  are  called  les  Alymes 
de  Myam.  After  a  lapse  of  so  many  centuries,  they  still  present 
a  singular  scene  of  desolation.  The  catastrophe  must  have  been 
most  awfiil  when  seen  from  the  vicinity  ;  for  Mont  Grenier  is  al- 
most isolated,  advancing  into  a  broad  plain,  which  extends  to  the 
valley  of  the  Isere.  It  is  several  miles  in  length,  and  is  connec- 
ted with  the  mountains  of  the  Grand  Chartreux,  but  it  is  very 
narrow.  Its  longitudinal  direction  is  from  east  to  west :  near 
the  middle  it  makes  a  bend  towards  the  nortli,  forming  a  kind  of 
bay  or  concavity  on  the  southern  side." 

^  Mont  Grenier  rises  very  abruptly  upwards  of  four  thousand 
feet  above  the  plain.  It  is  capped  with  an  immense  mass  of 
limestone  strata,  not  less  than  six  hundred  feet  in  thickness,  which 
presents  on  every  side  the  appearance  of  a  wall.  The  strata 
dip  gently  to  the  side  which  fell  into  the  plain.  This  mass  of 
limestone  rests  on  a  foundation  of  softer  strata,  probably  mo- 
lasse ;  under  which  are  distinctly  seen  thin  strata,  alternating 
with  soft  strata.  The  annexed  cut  represents  the  east  wing  of 
the  mountain  and  a  small  part  of  the  Alymes  de  Myans.    There 
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ean  be  litde  doubt  that  the  catastrophe  was  caused  by  the  grad- 
ual ersncm  of  the  soft  strata,  which  undermined  the  mass  of 
liiMsVHie  nbove,  and  projected  it  into  the  plain.  It  is  also  prob- 
aUe,  ttel  Ibe  part  which  fell,  had  for  some  time  been  nearly  de- 
tached IrpflB  the  mountain  by  a  shrinking  of  the  southern  side ; 
as  there  ip  et  present  a  rent  at  this  end,  upwards  of  two  thousand 
feet  deep*,  which  seems  to  have  cut  off  a  large  section  from  the 
eastern  end,  that  now 

*  Hangs  in  doubtful  ruins  round  its  base.' 

ea  if  pr^pered  to  renew  the  catastrophe  of  1248.  The  Alymes 
de  Myant  are  hills,  or  rather  monticules  of  a  conical  shape,  va- 
rying in  height  from  twenty  to  thirty  feet ;  they  cover  about  nine 
square  mles ;  the  monticules  arc  composed  of  fragments  of  cal- 
careoui  uymia^  some  of  which  are  of  immense  size.  They  con- 
eiat  of  jdlQwish  oolitic  limestone,  strongly  resembling  the  lower 
oolites  ID  Gloucestershire ;  a  gray  limestone,  harder  and  more 
Grystailtae  thap  lias,  which  however  it  may  probably  be ;  a  thin 
slaty  trensiceaas  limestone,  much  resembling  Stonesficld  slate. 
Fragm^iils  of  schistose  chert,  were  intcrstratificd  with  some  of 
the  IJQieptone.^' 

^^The  largest  masses  have  evidently  fallen  from  the  upper  bed 
of  limestope  by  which  Mont  Grcnier  is  capped.  The  velocity 
they  would  acquire  by  falling  from  so  great  a  height,  making  due 
ollowance  for  the  resistance  of  the  atmosphere,  could  not  be  less 
than  three  hundred  feet  per  second ;  and  the  projectile  force  they 
gained  by  striking  against  the  base  of  the  mountain,  or  against 
eachNOtber,  has  spread  them  far  into  the  plain.  In  the  course  of 
years^  the  rains  or  currents  of  water  from  dissolving  snows,  have 
(urrovred  channels  between  the  larger  masses  of  stone,  and  wash- 
ing away  part  of  the  loose  earth,  have  left  the  immense  number 
of  detached  cwxcbI  hills  which  are  seen  at  present.  So  deep 
and  vast  was  the  mass  of  ruins  that  covered  the  town  of  St.  An- 
dre and  the  other  parishes,  that  nothing  belonging  to  them  has 
been  discovered,  except  a  small  bronze  statue."'    (Vol.  i.  p.  201.) 
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A  part  of  a  mountain  near  Servos  on  the  road  to  Chamoony 
fell  down  in  the  year  1761.  The  fall  continued  for  many  dayi, 
and  the  air  was  darkened  with  immense  volumes  of  black  dust, 
which  extended  for  twenty  miles,  and  is  still  remembered  by  some 
of  the  oldest  inhabitants  of  Chamouny.  A  continued  successkm 
of  reports,  like  those  of  cannon,  announced  the  successive  fid- 
ling  of  rocks,  day  and  night.  The  mountain  did  not,  like  that 
of  Mont  Grenier,  fall  at  once ;  for  it  is  composed  of  a  successioo 
of  beds  of  limestone  resting  on  saiidstone,  and  extremely  fragile 
schist,  which  are  even  now  yielding  to  the  constant  action  of  rain. 
A  deep  excavation  under  a  precipice  of  limestone  near  the  som- 
mit,  appeared  in  1831  to  threaten  a  renewal  of  the  catastrophe 
of  1751.* 

In  the  Swiss  Alps,  the  great  ebaulemerUs^  which  have  destroy* 
ed  whole  villages,  have  been  caused  by  the  sliding  down  of  higUy 
inclined  beds  of  loose  conglomerates,  which  have  been  under- 
mined  at  their  bases.  This  will  be  better  understood  by  refeP' 
ring  to  Plate  3.  fig.  3.  If  a  bed  of  conglomerate,  6,  as  is  freqaent- 
ly  the  case  in  the  Swiss  Alps,  forms  the  outer  side  of  a  mountam, 
uncovered  by  any  harder  stratum,  the  action  of  rains  apon  ill 
base,  tends  to  destroy  and  undermine  it,  and  the  whole  bed,  per 
haps  several  hundred  feet  in  thickness,  is  suddenly  precipitated 
into' the  valley.  In  1806,  a  part  of  the  mountain  of  Rosbefg, 
between  the  lakes  of  Zug  and  Laworts,  fell  down,  from  the  cause 
here  mentioned,  and  buried  a  considerable  part  of  the  valley,  and 
several  of  the  inhabitants. 


*  In  an  Essay  aur  les  CaraeUres  Zoologiques^  by  M.  Brongnimrt,  paUlibad  ii 
1822,  he  haa  given  a  section  of  this  mountain ;  and  from  the  fiMsils  in  the  apper  M 
.and  the  green  sand  intermixed,  he  has  with  much  probability  rlataed  it  with  Ihi 
chalk  formation.  The  lower  beds  of  the  mountain,  containing  ammonttes,  he  itil 
classes  with  transition  rocks ;  but  I  am  persuaded  that  these  lower  beds  are  not  MR 
ancient  than  the  Eng:li9h  lias,  or  the  blue  beds  of  the  magnesian  limestone;  ani  ii 
this  mountain,  Montagne  de  Fis,  we  have  all  the  upper  secondaiy  etrata  of  this  pMt 
of  Savoy  in  one  group. 

t  The  fall  of  parts  of  mountains  is  so  common  an  occurrence  in  tiie  AJps,  Attl 
is  expressively  called  an  eboulement,  from  the  verb  ebtmler.  In  JMimoAin  tti 
Dorsetshire,  the  fall  of  the  cUA  is  called  a  rougemeni. 
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Where  the  soil  is  favourable  to  vegetation,  the  debris  or  ruins 
from  the  Ikll  of  mountains,  become  covered  with  vineyards  and 
chesnut  trees ;  of  which  we  have  an  example  in  the  soil  that  cov- 
ers the  fcmner  town  of  Pleurs,  near  Chavennes,  and  all  its  noble 
palaces,  belonging  to  opulent  citizens  of  Milan.  On  the  36th  of 
August,  1618,  "an  inhabitant  entered  the  town  and  said  that  he 
saw  the  mountains  cleaving:  he  was  laughed  at  for  his  pains; 
but  in  the  evening  the  mountain  fell  and  buried  the  town  and  all 
its  inhabitants.  The  number  destroyed  is  stated  to  be  two  thou- 
sand four  hundred  and  thirty,  of  whom  not  one  escaped,  except 
the  person  who  warned  them  of  their  danger.^^ 

Where  the  soil  is  unfavourable  to  vegetation,  the  ruins  remain 
exposed  to  the  action  of  rains,  and  of  torrents  from  the  sudden 
melting  of  snow,  which  furrow  channels  through  them,  and  leave 
detached  monticules,  as  in  the  Alymes  de  Myan$  ;  but  it  is  evi- 
dent, that  by  these  causes  they  could  not  be  transported  to  dis- 
tant countries,  except  in  the  comminuted  form  of  sand  or  mud. 

There  are,  however,  other  causes  in  present  activity,  which  tear 
down  large  masses  of  rock,  and  carry  them  many  miles  from  their 
native  sites.  The  mountain  valleys  in  the  higher  Alps,  on  the 
confines  of  eternal  snow,  sometimes  become  closed  by  the  exten- 
sion of  a  lateral  glacier  across  them,  which  dams  in  the  water 
from  the  melting  of  Alpine  snow,  and  forms  a  mountain  lake, 
elevated  many  thousand  feet  above  the  lower  habitable  valleys. 
Daring  very  hot  summers,  the  same  cause  which  increases  the 
waters  in  the  lake,  by  a  more  rapid  melting  of  the  Alpine  snows, 
diminishes  the  strength  and  thickness  of  the  barrier  of  ice ;  it  is 
rent  asunder ,  and  the  whole  water  of  the  lake  is  suddenly  pre- 
cipitated into  the  lower  valleys  with  Iremeudous  violence,  tear- 
ing down  and  bearing  along  with  it  all  opposing  obstacles:  the 
water  is  seen  approaching  like  a  moving  wall.  In  this  manner 
was  the  village  of  Martigny  in  the  Valais  nearly  destroyed  in 
1818.  A  similar  inundation,  in  the  valley  of  the  Upper  Doron  in 
the  Tarentaise,  took  place  in  the  following  year.  I  had  an  op- 
portunity of  observing  its  effects,  which  appeared  to  equal  in  in- 
'  tensity,  but  not  in  extent,  those  of  diluvial  action.    Numerous 
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blocks  of  rock  of  vast  size,  were  brought  down  by  the  torreot, 
and  scattered  over  a  small  plain  at  the  mouth  of  the  lateral  tsI- 
ley,  along  which  they  had  descended.  These  blocks  were  rJiie% 
quartz  rock,  intermixed  with  a  few  blocks  of  mica  and  talc  sialc 

This  group  of  rocky  masses,  brought  down  by  a  mountain  ia* 
undation  in  our  own  times,  renders  it  probable,  that  the  detached 
blocks  and  groups  of  rocky  fragments,  spread  over  many  parti 
of  the  valley  of  Geneva,  and  the  sides  of  the  adjacent  mountaioi, 
may  have  been  brought  there  by  similar  causes.  The  groups  oF 
ten  consist  of  one  kind  of  rock  with  little  intermixture  ;  in  other 
parts,  fragments  of  different  rocks  are  intermixed  in  the  same 
group.  They  all  have  been  transported  from  the  central  range 
of  the  Alps,  at  a  distance  of  from  fifty  to  one  hundred  miles  or 
more,  from  the  places  where  they  are  now  lying.  The  circum* 
stance  which  most  strongly  arrests  our  notice,  is  the  vast  sise  of 
those  blocks,  and  the  height  at  which  they  are  found. 

On  the  Great  Saleve  near  Geneva,  there  is  one  block  of  granite 
seven  feet  in  length,  at  the  height  of  2500  feet  above  the  vaUey : 
some  blocks  on  the  south  side  of  the  valley,  are  at  the  height  of 
3000  feet  above  it.  In  a  wood  between  Copey  and  Nyon,  there 
is  one  block  of  hornstone  seventy  feet  in  length.  These  blocks 
lie  upon  the  surface  of  the  ground,  and  are  never  found  in  the 
subjacent  strata.  But  the  most  remarkable  fact,  is  that  of  their 
occurrence  on  the  northern  side  of  the  Jura;  thev  must  therefore 
have  been  carried  over  that  lofty  range.  The  action  of  moun- 
tain inundations,  however  great,  seems  inadequate  to  produce 
such  effects ; — but  is  it  not  possible^  that  the  granite  blocks  wen 
originally  deposited  upon  a  more  level  soil^  and  have  been  raised 
up  with  the  calcareous  mountains^  at  a  subsequent  period  ? 

If  the  mountains  and  valleys  were  already  raised  and  excava- 
ted,  when  these  blocks  were  transported,  they  could  have  beeo 
carried  over  the  Jura  only  by  a  mighty  deluge,  which  had  cover- 
ed the  summits  of  the  Alps,  and  submerged  all  the  present  conti- 
nents under  its  waves.  Nor  are  there  wanting  proofs  of  such 
extensive  inundations,  in  every  country  of  the  old  world,  that  has 
yet  been  exammed. 
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To  retarn  to  the  causes  which  are  in  the  present  time  wearing 
down  the  surface  of  islands  and  continents. — The  action  of  the 
sea  upon  the  cliffs  in  England,  proves  in  a  striking  manner  the 
changes  which  this  important  agent  can  effect  in  the  space  of  a 
few  centuries,  and  sometimes  in  a  few  years.  In  Devonshire  and 
Dorsetshire,  on  the  coasts  of  Sussex,  Kent  and  Suffolk,  the  sea 
has  made  great  incroachments  on  the  land  since  the  time  of  the 
Norman  conquest ;  as  may  be  proved  both  by  ancient  records, 
and  by  what  is  now  taking  place,  the  cliffs  being  undermined  by 
high  tides,  large  portions  of  land  are  yearly  falling  into  the  sea. 

It  may  however  be  doubted,  whether  the  surface  of  dry  land  is 
not  gradually  increasing  on  the  whole  globe.  The  depositions 
from  the  sea  and  from  rivers  are  filling  up  bays,  estuaries  and 
lakes :  all  broad  flat  valleys,  and  almost  all  low  and  fertile  plains, 
were  once  covered  with  water.  On  the  eastern  part  of  our  own 
island,  though  the  land  is  wearing  away  in  some  parts,  it  is  in- 
creasing more  rapidly  in  others.  The  flat  parts  of  Lincolnshire, 
Cambridgeshire,  and  Holderness  in  Yorkshire,  have  been  gained 
from  the  sea,  or  from  rivers,  by  depositions  of  sand  and  mud  at 
no  very  remote  period  ;  and  the  process  is  going  on  daily.  In 
many  parts,  the  sea  during  high  tides  is  above  the  present  level 
of  the  land,  and  is  kept  out  by  embankments.  In  Yorkshire,  the 
proprietors  contrive  to  raise  the  surface  of  the  ground,  by  what  is 
called  warping.  At  the  highest  spring  tides,  they  open  sluices  in 
the  embankments,  and  cover  the  land  with  the  turbid  sea-water, 
which  remains  until  it  has  deposited  its  contents,  and  is  let  out 
at  low  water.  The  quantity  of  earthy  matter  held  in  suspension 
by  rivers  after  heavy  rains  is  prodigiously  great.  According  to 
Major  Rennell,  a  glass  of  water  taken  from  the  Ganges  at  the 
height  of  its  inundations,  yields  one-fourth  sediment.  Mr.  Bar- 
row says,  in  his  account  of  China,  that  the  quantity  of  mud 
brought  down  by  the  Yellow  River,  was  found  by  calculation, 
founded  on  experiment,  to  exceed  two  million  solid  feet  per  hour; 
and  that  some  miles  distant  from  the  sea  the  river  was  three 
quarters  of  a  mile  broad,  and  was  running  at  the  rate  of  seven 
or  eight  miles  an  hour.     A  great  part  of  the  enormous  mass  of 
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mud,  which  is  perpetually  brought  down  by  the  Yellow  River,  is 
borne  by  strong  currents  from  the  Yellow  Sea  into  the  Gulph  of 
Petchelee,  where  the  stillness  of  the  water  allows  it  to  subside. 
Into  the  same  gulph,  the  river  of  Peking  discharges  itself;  and 
Mr.  Barrow  observes,  that  a  great  part  of  the  land  adjoining  this 
gulph,  has  apparently  been  formed  by  the  sand  and  mud  brought 
into  it ;  for  the  tide  flows  inland  one  hundred  and  ten  miles,  and 
often  inundates  the  whole  country,  the  general  level  of  which  is 
^Dot  more  than  two  feet  above  the  level  of  the  river ;  indeed,  the 
deepest  part  of  the  great  gulph  of  Petchelee,  does  not  exceed 
twelve  fathoms,  and  the  prodigious  number  of  sandy  islands 
just  appearing  above  the  surface,  are  said  to  have  been  formed 
within  the  records  of  history.  {Barrow'^s  China^  p.  492.) — ^From 
the  above  account,  there  is  every  probability,  that  this  wide 
gulph  will  soon  be  filled  up  by  alluvial  and  marine  depositions. 
The  Gulph  of  Mexico,  according  to  Humboldt,  is  gradually  filling 
by  the  sand  brought  into  it  from  the  Caribbean  Sea  on  the  south 
side,  and  from  the  west  rivers,  the  Rio  del  Norte  and  the  Missis- 
sippi. The  increase  of  land  at  the  mouth  of  the  Nile,  and  of 
many  European  rivers,  is  well  known.  Adria,  which  was  once  a 
port  of  the  Adriatic  Sea,  (to  which  it  gave  its  name,)  is  now  six 
leagues  in-land.  In  lakes,  the  diminution  of  the  surface,  by  the 
gradual  increase  of  land  at  the  mouths  of  the  rivers  which  flow 
into  them,  is  still  more  remarkable.  The  mud  and  debris  brought 
into  the  lake  of  Geneva  by  the  Rhone,  and  deposited  near  its  en- 
trance, has  made  the  land  advance  two  miles  in  the  space  of  sev* 
enteen  hundred  years, — the  Roman  harbour  Portus  Valesia?  being 
now  that  distance  from  the  lake.  All  the  lakes  in  Savoy  and 
Switzerland,  and  in  our  own  island,  are  gradually  diminishing  by 
similar  causes.  To  multiply  instances  of  this  kind,  would  be  in- 
compatible with  the  limits  of  the  present  volume ;  every  atten- 
tive observer  must  have  noticed  them  in  the  course  of  his  travels. 
All  the  most  fertile  parts  of  the  globe  were  formed  by  allu- 
vial depositions:  alluvial  agency  appears  to  have  been  the  means 
employed  in  the  ceconomy  of  nature,  to  prepare  the  world  for 
the  residence  of  social  and  civilized  man :  the  most  ancient  cities 
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of  which  we  have  any  authentic  record,  Babylon,  Ninevah,  and 
Thebes,  were  founded  in  the  midst  of  alluvial  soils,  deposited  by 
the  Euphrates,  the  Tigris  and  the  Nile :  indeed  it  does  not  ap- 
pear unreasonable  to  believe,  that  the  formation  of  soils  for  the 
support  of  vegetables  and  animals,  was  the  final  cause  for  which 
the  world  was  created  and  to  which  all  terrestrial  changes  ulti- 
mately refer. 

It  has  been  justly  observed  by  Dr.  Paley  and  others,  that  in 
the  peculiar  conformation  of  the  teeth  in  graminivorous  animals^ 
and  in  the  production  of  grasses  which  serve  them  for  food,  we 
may  trace  evident  marks  of  relation,  and  of  a  designing  intelli- 
gent cause.  With  equal  reason  must  we  admit,  that  the  destruc- 
tion of  mountains  and  the  formation  of  soils  for  the  support  of 
the  vegetable  tribes  are  provided  for  by  the  same  cause,  and  are 
part  of  a  regular  series  of  operations  in  the  oeconomy  of  nature. 
Hence  also  we  may  infer,  that  those  grand  revolutions  of  the 
globe,  by  which  new  mountains  or  contments  are  elevated  from 
the  deep,  are  part  of  the  same  series,  extending  through  ages  of 
iodefinite  duration,  and  connecting  in  one  cham,  all  the  succes- 
sive phenomena  of  the  material  universe. 

By  a  wise  provision  of  the  Author  of  nature  it  is  ordained, 
that  those  rocks  which  decompose  rapidly,  are  those  which  form 
the  most  fertile  soils ;  for  the  quality  of  soils  depends  on  the  na- 
ture of  the  rocks  from  which  they  were  formed.  Granitic  and 
siliceous  rocks  form  barren  and  sandy  soils;  argillaceous  rocks 
form  stiff  clay ;  and  calcareous  rocks,  when  mixt  with  clays,  form 
marie ;  but  when  not  covered  by  other  strata,  they  support  a 
short,  but  nutritous  vegetation.  For  the  formation  of  productive 
soils,  an  intermixture  of  the  three  earths,  clay,  sand,  and  lime, 
is  absolutely  necessary.  The  oxide  of  iron  appears  also  to  be  a 
requisite  ingredient.  The  proportion  necessary  for  the  forma- 
tion of  good  soil,  depends  much  on  the  nature  of  the  climate, 
but  more  on  the  quality  of  the  sub-soil,  and  its  power  of  retain- 
ing or  absorbing  moisture.  This  alone  may  make  a  soil  barren, 
which  upon  a  different  sub-soil  would  be  exceedingly  productive. 
When  this  is  the  case,  drainage  or  irrigation  offers  the  only  means 
of  permanent  improvement. 
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Different  vegetables  also  require  different  admixtures  of  emrtb* 
They  require  it,  first,  because  it  is  necessary  to  their  growth,  that 
the  soil  should  be  sufficiently  stiff  and  deep  to  keep  them  firm  in 
their  place ;  and  also  that  it  should  not  be  too  stiff  to  permit  the 
expansion  and  growth  of  their  roots ;  and,  lastly,  that  it  should 
supply  them  with  a  constant  quantity  of  water,  neither  too  abun- 
dant nor  deficient.  Hence  we  may  learn  why  different  degrees 
of  tenacity,  depth  and  power  of  retaining  or  absorbing  moisture, 
|ire  required  in  soils  for  different  kinds  of  plants.  Thus,  in  un- 
cultivated countries,  we  find  that  certain  vegetables  affect  par-* 
ticular  situations  in  which  tlicy  flourish  spontaneously  and  exclu- 
sively ;  and  it  is  only  by  imitating  nature,  and  profiting  by  the  in- 
struction she  affords,  that  we  can  hope  to  obtain  advantageous 
results,  or  acquire  certain  fixed  principles  to  guide  us  in  our  at- 
tempts, to  bring  barren  lands  into  a  state  of  profitable  cultiva- 
tion. When  rocks  contain  in  their  composition  a  due  proportion 
of  silex,  clay,  and  lime,  they  furnish  soils  whose  fertility  may  be 
said  to  be  permanent.  The  most  fertile  districts  in  England  were 
made  so  by  nature  ;  their  original  fertility  was  independent  of  hu- 
man operation. 

Some  small  portion  of  the  earths  and  alkalies  is  found  by  chem- 
ical analysis  in  plants  :  but  it  would  be  contrary  to  fact  and  anal- 
ogy to  suppose,  that  the  earths  in  a  concrete  state,  form  any  •part 
of  the  food  of  plants :  the  earths  and  alkalies  which  they  contain, 
are  in  all  probability  formed  by  the  process  of  vegetation  from 
more  simple  elements ;  for  it  is  now  ascertained,  that  the  earths 
and  alkalies  are  compound  substances. 

The  principal  elements  found  in  plants  are  hydrogen,  carbon* 
and  oxygen ;  and  by  experiments  of  Gay  Lussac  and  Thenard,* 
it  appears  that  the  hydrogen  and  oxygen  in  starch,  gum,  vegeta- 
ble oils,  and  sugar,  exist  in  precisely  the  same  proportions  that 
form  water.  Carbon,  the  other  principal  elementary,  substance 
found  in  plants,  exists  both  in  water  and  in  the  atmosphere. 
Water  and  the  atmosphere  contain  in  themselves,  or  in  solution, 
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all  the  elemeBts  neceasary  for  the  support  and  growth  of  vegeta- 
bles. But  OMMt  floib  are  either  too  wet  or  too  adhesive,  to  admit 
plants  to  eitract  these  elements,  in  the  proportions  necessary  for 
their  growth.  Manures  supply  this  deficiency  by  furnishing  in 
great  abundance  the  hydrogen,  carbon,  or  azote,  which  they  may 
require.  In  proportion  as  soils  possess  a  due  degree  of  tenacity, 
and  power  of  retaining  or  absorbing  heat  and  moisture,  the  ne« 
cessity  for  a  supply  of  manure  is  diminished  ;  and  in  some  instan* 
ces  the  earths  are  so  fortunately  combined,  as  to  render  all  supply 
of  artificial  manure  unnecessary.  He  who  possesses  on  his  es* 
tate  the  three  earths, — clay,  sand,  and  Ume, — of  a  good  quality, 
with  facilities  for  drainage  or  irrigation,  has  all  the  materials  for 
permanent  improvement;  the  grand  desiderata  in  agriculture 
being  to  render  wet  lands  dry,  to  supply  dry  lands  with  sufficient 
moisture,  to  make  adhesive  soils  loose,  and  loose  soils  sufficiently 
adhesive. 

The  internkixture  of  soils,  where  one  kind  of  earth  is  either 
redundant  or  deficient,  is  practised  in  some  countries  with  great 
advantage.  Part  of  Lancashire  is  situated  on  the  red  sand  rock 
described  in  the  sixth  chapter.  This  rock,  being  composed  prin- 
cipally of  siliceous  earth,  and  the  oxide  of  iron,  forms  of  itself 
yery  unproductive  land :  but  fortunately,  in  many  situations  it 
contains  detached  beds  of  calcareous  marie  near  the  surface.  By 
an  intermixture  of  this  marie  with  the  soil,  it  is  converted  into  fer- 
tile land,  and  the  necessity  for  manure  is  superseded.  The  ef- 
fect of  a  good  marie  applied  liberally  to  this  land,  lasts  for  more 
than  twenty  years.  In  some  lands,  a  mixture  of  light  marie 
which  contains  scarcely  a  trace  of  calcareous  earth,  is  found  of 
great  service.  The  good  effect  of  this  appears  to  depend  on  its 
giving  to  the  sandy  soil  a  sufficient  degree  of  tenacity.  The  ster- 
ile and  gravelly  soils  in  Wiltshire,  have  been  recently  rendered 
productive,  by  mixing  them  with  chalk ;  the  most  liberal  appli- 
cation of  manure  having  been  found  ineffective  or  injurious.  In 
stifi*  clay  soils,  where  lime  is  at  a  great  distance,  the  land  might 
firequently  be  improved  by  an  intermixture  with  siliceous  sand. 
A  proper  knowledge  of  the  quality  of  the  sub-soU,  and  the  po- 
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sition  of  the  sub-strata,  is  necessary  to  ascertain  the  capab8iky  of 
improvement  which  land  may  possess.  It  may  frequently  happen, 
that  a  valuable  stratum  of  marie  or  stone,  which  lies  at  a  greit 
depth  in  one  situation,  may  rise  near  the  surface  in  an  adjoiaiDg 
part  of  the  estate,  and  might  be  procured  with  little  expense. 

Lime  is  the  only  earth  which  has  been  generally  used  to  ia- 
termix  with  soils,  and  has  been  considered  as  a  manure ;  bot  iti 
operation  as  such  is  very  imperfectly  understood.  Burnt  time, 
when  caustic,  destroys  undecomposed  vegetable  matter,  and  r^ 
duces  it  to  mould, — so  far  its  use  is  intelligible.  It  combiDef  al- 
so with  vegetable  or  mineral  acids  in  the  soil,  which  might  be  in- 
jurious to  vegetation, — here  its  operation  is  likewise  intelligible: 
but  if  we  assert  that  when  burnt  lime  has  absorbed  carbonic  acid 
and  become  mild,  it  gives  out  its  carbon  again  to  the  roots  of 
plants,  we  assume  a  fact,  which  we  have  neither  experiments  nor 
analogies  to  support.  The  utility  of  lime  in  decomposing  vc^ 
table  matter  and  neutralizing  acids  is  obvious :  but'  its  other  uses 
are  not  so  evident ;  except  we  admit  that  it  acts  mechanically 
on  the  soil,  and  renders  the  clay  or  sand  with  which  it  is  inte^ 
mixed,  better  suited  to  the  proper  expansion  of  the  roots,  and  more 
disposed  to  modify  the  power  of  retaining  or  absorbing  the  requi- 
site degree  of  heat  and  moisture,  which  particular  vegetables 
may  demand. 

Where  earths  are  properly  intermixed,  instances  are  known  of 
land  producing  a  succession  of  good  crops  for  many  years  with- 
out fallowing  or  manure.  On  the  summit  of  Breedon  Hill,  in 
Leicestershire,  I  have  seen  a  luxuriant  crop  of  barley  growing 
on  land  that  had  borne  a  succession  of  twenty  preceding  crops, 
without  manuring.  This  is  more  deserving  notice,  being  in  an 
exposed  and  elevated  situation,  and  upon  the  very  hill  of  magne- 
sian  lime,  which  has  been  so  frequently  referred  to  by  chemical 
writers,  as  peculiarly  unfavourable  to  vegetation.  The  limestone 
of  this  hill  contains  about  20  per  cent  of  magnesia.* 

*  The  magnerian  lime  acts  more  powerfully  in  destroying  undecomposed  vegeta- 
ble  matter  than  common  lime,  and  its  eflects  on  land  are  more  durable  :  hence  it  if 
in  reality  of  greater  yalne  in  agriculture,  as  a  much  smaller  quantity  will  answer 
the  same  purpose. 
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"  The*  temperature  requisite  for  the  growth  of  plants  is  influen- 
ced by  the  power  of  difTerent  soils  to  absorb  and  retain  heat  from 
the  solar  rays,  which  depends  much  on  their  moisture  and  tenaci- 
ty. ^  It  18  a  well  known  fact,  that  the  vegetation  of  perennial 
grasses  io  the  spring,  is  at  least  a  fortnight  sooner  on  limestone 
and  sandy  soils,  if  not  extremely  barren,  than  on  clayey  or  even 
in  deep  rich  soils;  it  is  equally  true,  but  perhaps  not  so  well 
known,  that  the  difference  is  more  than  reversed  in  the  au- 
tumn/*—-(Observations  on  Mildew,  by  J.  Egremont,  Esq.) — This 
effect  Mr.  E.  ascribes  with  much  probability  to  the  rich  or  clayey 
soils  absorbing  beat  slowly,  and  parting  with  it  again  more  reluc- 
tantly than  the  calcareous  soils,  owing  to  the  greater  quantity 
of  moisture  in  the  clay,  which  is  an  imperfect  conductor  of  heat. 

Calcareous  soils  might  frequently  be  much  improved  by  a  mix- 
tare  of  clay,  sand,  or  gravel,  which  in  many  situations  is  practi- 
cable with  little  expense,  and  would  well  reward  the  labour  of 
the  experimental  agriculturist. 

Cdlcareims  Tufa, — Beside  the  new  l^nd  formed  by  alluvial  de- 
positions, beds  of  calcareous  tufa  are  sometimes  formed  in  val- 
leys, and  at  the  bottom  of  lakes,  by  a  process  which  bears  some 
analogy  to  chemical  formations.  Springs  containing  carbonic 
acid, -that  issue  from  limestone  strata,  contain  particles  of  car- 
bonate of  lime  chemically  disolved  in  the  water ;  but  on  expos- 
ure to  air  and  light,  the  carbonic  acid,  which  had  but  a  slight 
affinity  for  the  particles  of  limestone,  separates,  and  the  parti- 
cles of  lime  are  precipitated  and  form  calcareous  incrustations : 
these  in  course  of  years  form  thick  beds,  and  are  sometimes  suffi- 
ciently bard  to  be  used  for  building-stone.  The  Rock  Mill,  near 
Stroud  in  Gloucestershire,  is  built  of  this  stone.  In  almost  all 
limestone  countries,  there  are  instances  of  calcareous  incrusta- 
tions formed  in  springs,  which  have  received  the  name  of  petri- 
iying  wells. 

In  the  first  edition  of  this  work,  I  ventured  to  predict  that 
were  ancient  lakes  laid  dry,  we  should  have  instances  of  fresh- 
water formations ;  and  this  prediction  has  been  verified.  See  an 
interesting  paper  on  the  recent  freshwater  Umestone  in  Forfar- 
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shire,  by  Charles  Lyell,  Esq.  (Geological  Transactions  193S,)  of 
which  I  shall  give  a  brief  notice,  after  inserting  what  I  had  stt- 
ted  respecting  the  lakes  of  America. 

On  the  continent  of  America,  nature  acts  upon  a  magnificent 
scale.  Were  her  operations  attended  to,  they  might  iUastrate 
many  interesting  facts  in  geology. 

The  lakes  of  North  America  are  seas  of  fresh  water  more  than 
fifteen  hundred  miles  in  circuit :  these  are  placed  at  a  considera- 
ble elevation  above  the  Atlantic,  and  at  different  levels.  They 
unite  by  small  straits  or  rivers,  which  have  a  rapid  descent 
On  some  of  them  are  prodigious  waterfalls,  which  are  constant- 
ly enlarging  and  shortening  the  passage  from  one  to  the  other, 
and  will  ultimately  effect  the  drainage  of  the  upper  lakes.  The 
falls  of  Niagara  are  well  known.  The  water  is  divided  by  a  small 
island,  which  separates  the  river  into  two  cataracts,  one  of  which 
is  six  hundred  and  the  other  three  hundred  and  fifty  yards  wide, 
and  from  one  hundred  and  forty  to  one  bunded  and  sixty  feet  in 
depth.  It  is  estimated,  that  six  hundred  and  seventy  thousand 
tons  of  water  are  dashed  every  minute  with  inconceivable  force 
against  the  bottom,  undermining  and  wearing  down  the  adjacent 
rocks.  Since  the  banks  of  the  cataract  were  inhabited  by  Eu- 
ropeans, they  hiive  observed  that  it  is  progressively  shortening  the 
distance  from  lake  Erie  to  lake  Ontario.  When  it  has  worn 
down  the  intervening  calcareous  rocks  and  effected  a  junction, 
the  upper  lake  will  become  dry  land,  and  form  an  extensive  plain, 
surrounded  by  rising  ground,  and  watered  by  a  river  or  smaller 
lake,  which  will  occupy  the  lowest  part.  In  this  plain,  future 
geologists  may  trace  successive  strata  of  freshwater  formation, 
covering  the  subjacent  crystalline  limestone.  The  gradual  depo- 
sition of  minute  earthy  particles,  or  the  more  rapid  subsidence 
of  mud  from  sudden  inundations,  will  form  different  distinct  beds, 
in  which  will  be  found  remains  of  freshwater  fish,  of  vegetables, 
and  of  quadrupeds.  Large  animals  are  frequently  borne  along 
by  the  rapidity  of  the  current,  and  precipitated  down  the  catar- 
acts; their  broken  bones  mixed  with  ralrareous  sediment,  may 
form  rocks  of  calcareous  tufa,  where  the  waters  first  subside  after 
their  descent. 
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Tbe  smaU  lake  described  by  Mr.  Lyell,  is  about  nine  miles  west 
of  Forfmr.  It  once  extended  over  two  hundred  acres,  but  is  now 
reduced  to  a  peat  moss,  or  swampy  hollow  in  diluvium.  The 
bed  of  the  lake  has  been  in  a  great  part  excavated  for  marie,  it 
contains  different  strata,  of  variable  thickness.  The  upper  cov- 
ering it  peat,  one  or  two  feet  thick,  under  which  is  shell  or  rock 
marie  varying  from  one  to  sixteen  feet.  Quicksand  two  feet, 
and  lower  shell  marie  of  a  good  quality,  from  one  to  two  feet 
thick,  resting  on  a  bed  of  fine  sand,  of  variable  thickness.  The 
rock  marie  consists  wholly  of  carbonate  of  lime,  it  is  hard  and 
compact,  and  in  some  parts  crystalline.  The  lower  shell  marie 
rarely  contains  any  distinguishable  quantity  of  shelly  matter. 
In  the  rock  marie  are  found  shells  of  Helices,  the  Turbo  fontin- 
alis,  and  the  Patella  lacustris. 

There  are  remains  of  land  quadrupeds  in  the  shell  marie,  but 
BOt  in  the  rock  marie.  The  rock  marie,  (it  appears  from  Mr. 
LyelPs  description,)  nearly  resembles  the  upper  freshwater  lime- 
stone in  the  Paris  basin,  and  like  it,  is  traversed  by  tubular  cav- 
ities. Some  part  of  the  rock  marie  is  however  stated  to  be  a  tu- 
faceous  limestone.  This  recent  formation  of  freshwater  lime- 
atone,  it  in  so  many  respects  analogous  to  the  most  recent  forma- 
tion of  freshwater  strata  of  the  ancient  world,  that  all  the  partic- 
olar  circumstances  described  by  Mr.  Lyell,  deserve  the  careful 
attention  of  the  geologist. 

Peat  is  a  substance  which  has  been  classed  with  alluvial  soils, 
though  it  is  obviously  a  vegetable  production.  Peat  formerly 
covered  extensive  tracts  in  England,  but  is  disappearing  before 
the  genius  of  agricultural  improvement,  which  has  no  where  pro- 
duced more  important  effects,  than  in  the  conversion  of  the 
black  and  barren  peat  moors  of  the  northern  counties,  into  val- 
uable land  covered  with  luxuriant  herbage,  and  depastured  by 
numerous  flocks.  The  following  description  of  the  peat  moors 
io  Scotland,  by  Mr.  Jameson,  is  an  accurate  picture  of  the  re- 
maning peat  moors  in  the  mountainous  parts  of  Yorkshire,  and 
the  adjoining  counties. 
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^4n  describing  the  general  appearance  of  a  peat  moor,  we 
may  conceive  an  almost  entire  flat  of  several  miles  extent,  of  a 
brown  colour,  here  and  there  marked  with  tufts  of  heather,  which 
have  taken  root,  owing  to  the  more  complete  decomposition  of 
the  surface  peat ;  no  tree  or  shrub  is  to  be  seen ;  not  a  spot  of 
grass  to  relieve  the  eye,  in  wandering  over  this  dreary  scene.  A 
nearer  examination  discovers  a  wet  spongy  surface,  passable  only 
in  the  driest  seasons,  or  when  all  nature  is  locked  in  frost.  The 
sm'face  is  frequently  covered  with  a  slimy  black-coloured  sub- 
stance, which  is  the  peat  earth  so  mixed  with  water,  as  to  render 
the  moss  passable  only  by  leaping  from  one  tuft  of  heather  to 
another.  Sometimes,  however,  the  surface  of  peat  mosses  has 
a  different  aspect,  owing  to  the  greater  abundance  of  heath  and 
other  vegetables  as  the  schceni,  scirpi,  eriophora,  &c. :  but  this 
is  principally  the  case  with  some  kinds  of  what  are  called  muir- 
lands,  which  contain  but  little  peat,  being  nearly  composed  of 
the  interwoven  roots  of  living  vegetables.  Quick  moss  (as  it  is 
called)  is  a  substance  of  a  more  or  less  brown  colour,  forms  a 
kneadable  compound,  and  when  good,  cuts  freely  and  clean 
with  the  spade ;  but  when  it  resists  the  spade  by  a  degree  of 
elasticity,  it  is  found  to  be  less  compact  when  dried,  and  is  of 
an  inferior  quality.  The  best  kinds  bum  with  a  clear  bright 
flame,  leaving  light-coloured  ashes ;  but  the  more  indifferent  kinds 
in  burning  often  omit  a  disagreeable  smell,  and  leave  a  heavy 
red  coloured  kind  of  ashes.  In  digging  the  peat  we  observe  that 
when  first  taken  from  the  pit  it  almost  immediately  changes  its 
colour,  which  becomes  more  or  less  a  deep  brown  or  black,  and 
the  peat  matter  becomes  much  altered,  being  incapable  of  for- 
ming a  kneadable  paste  with  water.  When  dry  and  reduced  to 
powder,  as  it  is  often  by  the  action  of  the  weather,  it  forms  a 
blackish-coloured  powdery  matter,  capable  of  supporting  vege- 
tation, when  calcareous  earth  is  added. 

^^  IPeat  is  found  in  various  situations,  often  in  valleys  or  plains, 
where  it  forms  very  extensive  deep  beds,  from  three  to  forty  feet 
deep,  as  those  in  Aberdeenshire  :  it  also  occurs  upon  the  sides 
of  mountains ;  but  even  there,  it  is  generally  in  a  horizontal  sit- 


FORMATION  OF  PEAT.  331 

fiatioti.  The  tops  of  mountains,  upwards  of  two  thousand  feet 
high,  in  the  Highlands  of  Scotland,  are  covered  with  peat  of  an 
excellent  kind. 

^  It  IB  abo  found  in  situations  nearly  upon  a  level  with  the  sea : 
thus,  the  great  moss  of  Cree  in  Galloway,  lies  close  upon  the 
tea,  on  a  bed  of  clay,  little  higher  than  the  flood  marks  at  spring 
tides."* 

In  the  first  volume  of  Dr.  MacCulloch^s  valuable  History  of  the 
Western  Islands  of  Scotlands,  he  has  given  a  luminous  descrip^ 
tion  of  the  formation  of  peat,  which  completes  the  natural  history 
erf*  peat  moss.  Beside  the  Sphagnum  palustre,  he  has  enumer- 
ated nearly  forty  plants  which  concur  to  the  generation  of  peat. 

^  The  process  by  which  these  vegetables  are  conf  erted  into 
peat,  is  most  clearly  seen  in  the  sphagnum.  As  the  lower  ex- 
tremity of  the  plant  dies,  the  upper  sends  forth  fresh  roots  like 
most  of  the  mosses,  the  individual  thus  becoming  in  a  manner 
immortal,  and  supplying  a  perpetual  fund  of  decomposing  veg- 
etable matter.  A  similar  process,  though  less  distinct,  takes  place 
in  many  of  the  rushes  and  grasses,  the  ancient  roots  dying  to- 
gether with  the  outer  leaves,  while  an  annual  renovation  of  both, 
perpetaates  the  existence  of  the  plant  The  growth  of  peat, 
necessarily  keeps  pace  with  that  of  the  vegetables  from  which  it 
is  formed ;  hence  the  necessity  of  replacing  the  living  turf  on 
the  bog  where  peat  has  been  cut, — a  condition  now  required  in 
all  leases,  in  which  liberty  to  cut  turf  is  included.  On  the  con- 
tersion  of  vegetable  matter  into  peat.  Dr.  MacCulloch  observes : 
^  Where  the  living  plant  is  still  in  contact  with  peat,  the  roots  of 
the  rushes,  and  ligneous  vegetables,  are  found  vacillating  between 
life  and  death,  in  a  spongy  half-decomposed  mass.  Lower  down, 
the  polverized  carbonaceous  matter  is  seen  mixed  with  similar 
fibres,  still  resisting  decomposition.  These  gradually  disappear, 
and  at  length,  a  finely  powdered  substance  alone  is  found,  the 
process  being  completed  by  the  total  destruction  of  all  the  or- 
ganized bodies."    p.  130.    The  best  peat  is  that  of  which  the 
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decomposition  is  most  complete,  and  the  specific  gravity  and 
compactness  the  greatest.  The  quality  of  peat,  Dr.  MacCullock 
observes,  is  much  affected  by  the  wetness  or  dr]mess  of  the  soil, 
and  the  elevation  or  other  causes,  which  influence  the  tempera* 
ture  or  moisture  of  the  atmosphere. 

For  a  description  of  the  chemical  changes  produced  in  peal 
by  water  and  fire,  I  must  refer  to  the  Ist  volume  of  Dr.  MacCoI- 
loch^s  work  before  quoted,  p.  131.  It  is  only  in  the  first  stages 
of  decomposition  that  peat  is  soluble,  and  communicates  a  dark 
colour  to  water. 

The  rapid  formation  of  peat  in  many  situations,  where  it  is 
found  covering  ground  that  was  formerly  pastured,  admits  of  an 
easy  explanation,  since  Dr.  MacCulloch  has  so  clearly  described 
the  mode,  in  which  this  substance  is  generated. 

The  property  possessed  by  peat  of  preserving  animal  matter 
from  putrefaction,  is  well  deserving  notice.  It  is  probably  owing 
to  this,  that  some  of  the  fleshy  parts  of  the  mastodon,  have  been 
so  long  preserved  in  peat  bogs. 

In  the  Philosophical  Transactions  1734,  there  is  a  letter  from 
Dr.  Balguy,  giving  an  account  of  the  preservation  of  two  human 
bodies  in  peat  for  fifly-nine  years.  ^^On  January  14,  1675,  a 
farmer  and  his  maid-servant  were  crossing  the  peat  moors  above 
Hope,  near  Castleton  in  Derbyshire ;  they  were  overtaken  by  a 
great  fall  of  snow,  and  both  perished :  their  bodies  were  not 
found  till  the  3d  of  May  in  the  same  year :  and  being  then  offen- 
sive, the  coroner  ordered  them  to  be  buried  on  the  spot  in  the 
peat.  They  lay  undisturbed  twenty-eight  years  and  nine  months, 
when  the  curiosity  of  some  countrymen  induced  them  to  open 
their  graves.  The  bodies  appeared  quite  fresh,  the  skin  was  fair 
and  of  its  natural  colour,  and  the  flesh  as  soft  as  that  of  persons 
newly  dead.  They  were  afterwards  frequently  exposed  as  curi- 
osities, until  in  the  year  1716,  they  were  buried  by  order  of  the 
man^s  descendants.  At  that  time.  Dr.  Bourne  of  Chesterfield, 
who  examined  the  bodies,  says  the  man  was  perfect,  his  beard 
was  strong,  the  hair  of  his  head  was  short,  and  his  skin  hard  and 
of  a  tanned  leather  colour,  like  the  liquor  he  was  lying  in.    The 
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body  of  die  woman  was  more  injured,  having  been  more  frequent- 
ly expoeed  ;  the  hair  was  like  that  of  a  living  person.  Mr.  Wor- 
naldf  the  minister  of  Hope,  was  present  when  they  were  removed : 
the  man^  legs,  which  had  never  before  been  uncovered,  were 
quite  fair  when  the  stockings  were  drawn  off,  and  the  joints 
played  freely  without  the  least  stiffness." 

In  the  banning  of  the  last  century,  the  perfect  body  of  a  man 
in  the  aocieot  Saxon  costume,  was  discovered  in  peat,  at  Hat- 
field Chase  in  Yorkshire :  it  soon  perished  on  exposure  to  the  air. 

Extensive  tracts  of  cultivated  ground  are  sometimes  converted 
into  sandy  deserts,  by  the  drifting  of  sea-sand  inland.  The  pro- 
cess by  which  this  is  effected,  is  taking  place,  at  present,  in  many 
Situations.  During  very  high  winds,  the  sand  is  driven  from  the 
sea  shore  to  a  certain  distance,  leaving  an  elevated  ridge  at  the 
further  boundary  of  the  drift.  Succeeding  winds  blow  the  sand 
forward,  and  at  the  same  time  bring  fresh  sand  from  the  shore  to 
supply  its  place.  In  the  sixth  volume  of  the  Transactiofis  of  the 
Irish  Academy^  an  account  is  given  of  the  encroachment  of  the 
sand,  over  some  parts  of  Ireland.  Trees,  houses,  and  even  vil- 
lages, have  been  surrounded  or  covered  with  sand,  during  the 
last  century.  In  the  vicinity  of  sandy  deserts,  the  sand  is  also 
encroaching  on  the  habitable  land.  The  loose  sands  of  Libya 
are  thus  spreading  over  the  valley  that  borders  the  Nile,  and  bu- 
rying the  monuments  of  art,  and  the  vestiges  of  former  cultiva- 
tion. From  a  similar  cause,  the  country  immediately  round  Pal- 
myra, that  once  supplied  a  crowded  population  with  food,  now 
scarcely  affiurds  a  few  withered  plants,  to  the  camel  of  the  wan- 
dering Arab. 

A  sandy  inundation  on  the  north  coast  of  Cornwall  was  men- 
tioned Chapter  L  page  24.  This  sand,  which  is  composed  of 
firagments  of  shells  and  coral,  is  in  some  parts  cemented  into 
sandstone  by  water  infiltrating  from  the  slate-rocks:  it  is  similar 
in  appearance  to  the  recent  sandstone  of  Guadaloupe,  in  which 
human  skeletons  have  been  found :  the  latter  is  a  very  common 
sandstone  in  the  West  Indies ;  it  increases  rapidly,  and  the  land 
gained  from  the  sea,  which  forms  some  of  the  plains  of  St  Do- 
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mingo,  18  cotnpoied  of  it  A  concreted  otleereooi  sendiloie 
extends  on  the  southern,  westero,  end  norUi^'Weslem  coast  of  Ast- 
tralasia,  for- three  thousand  miles.  Some  speoiaieiis  wliicb  I  ex- 
amined with  a  lens,  appear  perfectly  similar  to  the  recent  saorf- 
stone  from  Ouadaloope. 

Among  the  causes  in  present  activity,  Hrhicb  are  ehaaging  the 
surface  of  the  globe,  the  labours  of  madrepores  must  mfi  be  an- 
Doticed.  These  minute  polypi,  raise  up  walk  and  feefii  of  cotfal- 
rock  with  astonishing  rapidity  in  tropical  climates,  and  encirds 
the  present  islands  with  belts  of  coral,  thus  enlar^ng  their  coasta 
A  coral  reef  of  seven  hundred  miles  in  length,  extends  fironi  the 
north-west  of  Australasia  towards  New  Guinea.  For  a  detailed 
account  of  coral  rocks  and  reeft,  I  must  refer  the  reader  to  d» 
Observations  of  Dr.  Forster,  and  the  voyages  of  Captain  Fbideis 
and  of  Kotzebue.  The  French  naturalists  MM.  Qooi  and  Gsi- 
mard  have,  however,  recently  shown,  that  madrepores  whirii 
form  coral-rocks,  do  not  commence  their  Operations  at  greater 
depths  than  twenty-five  or  thirty  feet  below  the  soHace  of  the 
sea :  they  construct  their  habitations  on  the  summits  of  suboui- 
rine  rocks,  and  increase  their  height,  but  do  not  form  them.  The 
quantity  of  calcareous  matter  which  these  madrepores  funiish, 
cannot  (they  say)  be  compared  with  the  quantity  of  materiab 
which  testaceous  animals  have  fiifnished,  and  still  conttnoe  to 
iurnish,  to  the  crust  of  the  globe. 

Organic  remains  in  diluvial  beds  and  caverns. — The  fossil  ele- 
phant, or  mammoth,  is  the  most  remarkable  of  the  ahcient  her- 
bivorous quadrupeds,  both  from  its  vast  size,  and  the  amaxing 
number  of  bones  of  this  genus,  which  are  found  in  the  northera 
parts  of  Europe,  and  in  America.  It  must  have  existed  in  henb 
of  hundreds  and  thousands.  According  to  Pallas,  there  is  scarce- 
ly a  river,  from  the  Don,  or  the  Tanats,  to  the  extremity  of  the 
promontory  Tchuskoinosa,  in  the  banks  of  which,  the  bones  of 
the  mammoth  are  not  abundant  There  are  two  large  islands 
near  the  mouth  of  the  river  Indigerska,  which  are  said  to  be  en- 
tirely composed  of  the  bones  of  the  mammoth,  intermixed  with 
ice  and  sand  ;  the  tusks  are  so  perfect,  that  they  are  dug  out  for 
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ivqry.    Wi(h  Ibe  b(Hies  of  the  mammoth,  are  intermixed  those  of 
the  elk,  the  rhiooGerog,  and  other  large  quadrupeds. 

The  body  of  n  fossil  elephant  has  been  found  entire,  with  the 
flesh  preserved,  buried  in  ice :  it  had  a  mane  along  its  back,  and 
was  covered  with  coarse  red  wool,  protected  by  hair  of  a  coarser 
kind,  indicaiiiig  that  it  was  an  inhabitant  of  cool  climates ;  indeed, 
the  GircuiDBtwce  of  the  body  being  preserved  in  ice,  is  a  further 
proof  of.  Ibis ;  for  had  it  been  conveyed  from  distant  regions,  or 
had  the  temperature  of  northern  latitudes  been  much  higher  at 
that  period,  than  at  present,  the  flesh  must  have  been  speedily 
decomposed,  before  it  could  have  beeo  enveloped  in  ice.  The 
height  of  this  animal  was  from  fifteen  to  eighteen  feet  Bonea 
and  teeth  of  the  mammoth  are  not  unfrequently  found  in  Eng- 
knd^  in  beds  of  diluvial  gravel  and  clay,  and  in  caverns :  they 
are  found  chiefly  in  low  situations,  such  as  the  Vale  of  the  Thames, 
and  the  Vale  of  the  Severn.  The  mammoth  bears  a  near  resem- 
blance to  the  Indian  elephant,  but  Cuvier  regards  it  as  a  distinct 
species. 

The  rhinoceros,  of  which  there  are  three  large  species,  and 
one  amaHer,  appears  to  have  lived  with  the  fossil  elephant :  their 
bones  are  found  together ;  but  it  is  in  Siberia,  that  the  bones  of 
the  rhinoceros  are  most  numerous,  and  best  preserved.  In  the 
year  1771,  the  entire  body  of  one  of  these  animals,  was  found  in 
the  frozen  sands  of  that  country. 

Booea  and  teeth  of  the  hippopotamus  are  found  in  Eng- 
land, France,  Germany,  and  Italy :  there  are  two  species ;  the 
largest  resembles  the  African  hippopotamus,  the  smaller  is  the 
aiie  of  tbe  wild  boar.  Bones  and  teeth  of  a  large  animal,  called 
the  mastodon,  are  found  both  in  Europe  and  America.  The  great 
inastodou  had  pointed  grinders ;  it  was  a  native  of  North  Amer- 
ica, and  equally  in  size  the  elephant,  which  in  many  particulars 
U^rosembled.  Its  bones^  and  even  entire  skeletons,  have  been 
fomid  10  saitrmoBshea :  but  what  is  more  extra/ordinary,  parts  of 
the  flesh  and  the  stomach,  have  been  found  with  thera.  Among 
th^  i;egetable  substances  in  the  stomach,  were  distinguished  the 
remains  of  some  plants  known  in  Virginia.    Tbe  Indians  bdi^ve, 
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that  this  animal  is.  still  living  north  of  the  Mistoiiri;  and  the 
above  circumstances  render  it  probable,  that  this  qiecies  of  ani- 
todon  has  not  been  long  extinct  Bones  of  other  species  of  the 
mastodon  are  found  in  Europe  and  South  America;  these  are 
probably  more  ancient.  Teeth  of  a  gigantic  species  of  tapir, 
equal  in  size  to  the  rhinoceros,  have  been  found  in  France  aad 
Germany:*  the  bones  of  horses  are  also  found,  in  great  abua- 
dance,  with  the  bones  of  the  above-mentioned  animals,  Boosi 
and  horns  of  the  elk,  the  stag,  and  of  various  species  of  deei, 
and  of  oxen,  some  of  which  closely  resemble  existing 
are  often  intermixed  with  the  bones  of  elephants  and  other 
cient  animals.  With  these  animal  remains,  are  abo  fiMmd  the 
bones  of  carnivorous  animals  of  the  size  of  the  lion,  the  tiger, 
and  the  hyena ;  the  bones  of  bears  are  numerous,  particolarly  ia 
caverns. 

The  number  of  bones  belonging  both  to  the  order  of  ptehf 
dermata,  and  of  ruminant  and  carnivorous  quadrupeds,  ii  m 
great  in  various  parts  of  Europe,  as  to  leave  no  doubt  that  tbeso- 
imals  were  inhabitants  of  northern  or  temperate  climates.  Is 
America  have  been  found  the  bones  of  two  large  animals,  of  ex* 
traordinary  form.  The  megatherium  is  the  size  of  the  rhioooe> 
ros ;  it  unites  part  of  the  structure  of  the  armadillo,  with  that  of 
the  sloth ;  its  claws  are  of  vast  length  and  size.  The  megaiomx 
was  nearly  similar  in  form,  but  smaller. 

Bones  of  the  camel,  and  some  other  species  of  large  mammif- 
erous  quadrupeds  have  been  occasionally  found,  but  they  are  of 
rare  occurrence.  For  a  knowledge  of  nearly  all  (he  above  spe- 
cies of  fossil  mammiferous  quadrupeds,  we  are  indebted  to  the 
researches  of  Cuvier.     Their  bones,  he  observes,  ^^are  found  ia 


*  The  most  perfect  tooth  of  this  animal  which  is  at  present  known,  was  flbnnd 
near  Grenoble ;  the  enamel  is  as  fresh  as  that  of  a  recent  tooth.  TUs  tooih,  of 
which  their  are  models  in  the  principal  museums  in  Europe,  is  in  die  aathor's  Ml* 
lection ;  it  was  purchased  by  him,  at  the  sale  of  the  late  M.  Faujas  St  Fond*  tt- 
Setfaer  with  the  tooth  of  a  South  American  mastodon  found  in  the  volcano  of  la- 
babura  in  the  Cordilleras,  and  the  tooth  of  a  European  mastodon,  finind  with  that  <f 
tke  gigantic  tapir,  near  Grenoble. 
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that  niBBg  of  earth,  sand  and  mud,  that  diluvium,  which  covers 
our  large  phuus,  fiiis  our  caverns,  and  chokes  up  the  fissures  in  mar 
ny  of  our  rocks^  They  incontestibly  formed  the  population  of  the 
contipeDtfl,  at  the  epoch  of  the  great  catastrophe,  which  has  de- 
stroyed their  races,  and  has  prepared  the  soil,  on  which  the  ani- 
mals of  the  present  d^y  subsist.  Whatever  resemblance  certain 
of  these  species  bear  to  those  of  existing  species,  the  general  mass 
of  this  population  had  a  djITerent  character;  the  greater  part  of 
the  races  which  composed  it,  have  been  utterly  destroyed. 
Among  aJl  these  mammiferous  animals,  the  greater  number  of 
which  have  their  congeners  living  at  the  present  day,  there  has 
not  been  found  a  single  bone  or  tooth  of  any  species  of  ape  or 
monkey.  Nor  is  there  any  trace  of  man :  all  the  human  bones 
which  have  been  found  along  with  those  of  which  we  have  been 
speaking,  have  occurred  accidentally ;  and  their  number  besides 
is  exceedingly  small,  which  assuredly  would  not  have  been  the 
case,  if  men  had  been  then  settled  in  the  countries  which  these 
animals  inabited/^  When  Cuvicr  published  the  first  edition  of 
his  Recherckei  mr  les  Ossemens  fossilcs^  he  too  hastily  conclu* 
ded,  that  we  were  already  acquainted  with  all  the  existing  spe- 
cies of  large  land  quadrupeds ;  and  hence  he  inferred,  that  it  was 
highly  improbable,  that  any  of  the  species  of  unknown  quadru- 
peds, whose  bones  are  found  in  diluvial  soils,  should  be  still  living. 
Since  that  time,  a  large  species  of  living  tapir  has  been  found  in 
ihe  East  Indies;  and  other  discoveries  of  new  quadrupeds  have 
been  made :  hence  we  cannot  conclude  with  absolute  certainty, 
that  all  the  species  of  unknown  fossil  quadrupeds  are  extinct, 
though  it  seems  highly  probable  that  the  greater  number  of  the 
nces  have  perished.  The  animals  whose  bones  are  found  in 
peat  bogs  and  marshes, — such  as  the  elk  in  Ireland,  and  the  great 
mastodon  in  Kentucky, — may,  I  conceive,  be  referred  with  much 
probability,  to  a  more  recent  epoch,  than  that  in  which  the  dilu- 
vial beds  were  deposited. 

Skeletons,  botli  of  the  Irish  elk  and  the  great  American  masto- 
4on,  have  been  found  erect  in  peat  bogs  and  marshes,  which 
proves  that  the  surface  of  the  ground  has  undergone  little  change 
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since  the  animals  perished ;  and  the  further  circudistance,  of  the 
flesh  and  stomach  of  the  mastodon  being  found  near  the  surface, 
not  protected,  like  the  bodies  of  the  elephant  and  rhinoceroi 
found  in  Siberia,  by  ice,  seems  to  preclude  the  belief  in  the  high 
antiquity  of  these  animal  remains ;  and  it  is  admitted  by  Cufier, 
that  they  are  in  better  preservation  than  any  other  fossil  booet. 
The  quadrupeds  whose  bones  are  buried  in  beds  of  clay,  sand  or 
gravel,  qf  accumulated  in  caverns,  undoubtedly  lived  in  a  very 
remote  period,  and  under  a  different  condition  of  our  planet  to 
the  present  one.  The  northern  parts  of  Europe  seem  now  inca- 
pable of  supporting  the  immense  number  of  elephants,  which 
have  formerly  spread  over  all  the  valleys  bordering  the  Froaea 
Ocean.  Were  we  to  suppose  that  the  temperature  of  the  earth 
was  then  higher  than  at  present,  which  the  remains  of  palms  and 
other  tropical  plants  found  in  northern  latitudes  would  render 
probable,  this  would  not  remove  the  difficulty ;  for  the  fact,  that 
entire  bodies  of  elephants  have  been  preserved  in  ice,  and  that 
their  skins  were  covered  with  a  thick  coat  of  wool  and  hair,  proves 
that  these  animals  were  constituted  for  living  in  cold  climates,  and 
that  their  remains  have  not  been  transported  to  any  great  dis- 
tance, from  the  countries  which  they  inhabited.* 

The  remains  of  these  large  quadrupeds  occur  in  different  states 
of  preservation.  In  the  frozen  regions  of  the  North,  the  ivory  of 
the  tusks  is  perfect.  In  beds  of  clay,  the  bones  and  teeth  are  fre- 
quently impregnated  with  mineral  matter;  but  in  gravel  they  are 
generally  in  a  loose  or  fi'iable  state,  or  at  least  they  soon  become 
80  after  exposure  to  the  air.  In  the  PhiL  Journal  of  Edinburgkj 
January  1 828,  an  account  is  given  of  numerous  bones  of  the  mas- 
todon, rhinoceros  and  other  animals,  having  been  found  on  the 
surface  of  the  ground,  near  Irrawady  River,  in  Ave.  These 
bones,  though  exposed  to  the  atmosphere,  are  stated  to  be  ex- 


*A  friend  has  suggested,  that  the  Siberian  elephants  were  probably  n^gratory, 
and  passed  the  winter  months  in  more  temperate  latitudes.  If  this  were  the  case. 
Individuals  that  from  lameness  or  disease  were  unable  to  travel,  may  have  been  In- 
orufted  with  ice  immediately  after  death. 
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tremely  hard,  being  impregDated  with  iron  ;  but  of  the  causes 
by  which  this  impregnation  was  effected,  we  are  at  present  ig- 
norant 

The  bones  of  carnivorous  animals  are  most  abundant  in  cav- 
erns :  there  are  some  circumstances  which  render  their  occur- 
rence in  such  situations  very  difficult  to  explain  in  a  satisfactory 
manner. 

It  has  been  Iqpg  known  to  naturalists  and  travellers,  that  there 
are  numerous  caverns  in  the  calcareous  mountains  of  Germany 
and  Hungary,  the  floors  of  which  are  covered  with  clay,  envel- 
oping a  prodigious  quantity  of  bones  and  teeth  of  carnivorous 
animals.  The  bones  in  these  caverns  are  nearly  the  same,  over 
an  extent  of  more  than  one  hundred  leagues.  *  More  than  three 
fourths  belong  to  species  of  bears  that  are  now  extinct  ;*  two 
thirds  of  the  remaining  part  belong  to  an  unknown  species  of  hy- 
ena ;  a  smaller  number  belong  to  a  species  of  lion  or  tiger,  or  of 
the  wolf  or  dog ;  a  very  few  belong  to  small  carnivorous  animals, 
allied  to  the  fox  and  polecat.  The  bones  are  nearly  in  the  same 
state  in  all  these  caverns :  they  are  found  scattered  and  detached, 
partly  broken,  but  never  rounded  by  attrition,  and  consequently 
not  brought  from  a  distance  by  water.  They  are  rather  lighter 
and  more  fragile  than  recent  bones,  but  still  preserve  their  true 
animal  matter,  containing  much  gelatine,  and  are  not  in  the  least 
petrified.  The  bones  are  all  enveloped  in  earth  which  is  pene- 
-trated  with  animal  matter ;  expept  a  few  bones  on  the  surface, 
of  a  different  kind,  which  have  been  brought  there  at  a  later  pe- 
riod, and  are  less  decomposed. 

The  most  remarkable  of  these  caverns  are  those  of  Gaylen- 
reuth  on  the  left  bank  of  the  river  Wiesent,  in  Bavaria ;  they  vary 
in  height  from  ten  to  forty  feet,  and  are  connected  by  narrow  low 
passages.  The  animal  earth  intermingled  with  bones,  is  in  many 
places  more  than  ten  feet  deep  ;   according  to  the  account 


*  The  most  commoD  species  of  bear  in  these  caverns,  the  Unas  Spelcus,  was  of  the 
of  a  horse.    The  fossil  hyena  was  one  third  hrger  than  any  known  living  spc- 
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or  a  Gertnaa  writer,  M.  Esper,  wonM  fill  nmay  hdndred  wig' 
gons.  There  is  also  a  cavern,  or  wne^  of  caverns^  at  Ac^Aeig 
in  Carniola,  much  larger  than  any  in  Germany  :  the  caves  areoC 
variable  dimensions,  and  are  stated  to  «xtend  more  than  three 
leagues  in  a  right  Kne,  at  which  distance  there  is  a  kJbe  which 
prevents  further  access.  The  floors  of  these  caverns  mn  covered 
with  indurated  clay,  enveloping  the  bones  of  bears,  and  other 
carnivorous  animals,  similar  to  those  in  the  caverns  of  Geraoany 
and  Hungary.  In  one  part  of  this  cavern^  or  series  of  caverasi 
the  entire  skeleton  of  a  young  bear  was  discovered,  enveloped  in 
clay  or  mud,  between  blocks  of  limestone  which  lay  on  one  side 
of  the  cave.  Adelsberg  is  situated  on  the  great  road  from  Tcieile 
to  Laybach,  and  has  been  much  visited  by  travellers.  The  river 
Pinka  is  lost  in  this  cavern,  t^minating  in  a  subterranean  lake, 
from  which  another  river  emerges  on  the  northern  side,  irtiicb 
has  received  the  name  of  Unz.  There  are  incrastations  of  sta* 
lactites  in  these,  as  well  as  in  all  other  calcareous  caverns ;  and 
in  many  parts,  the  bones  and  earthy  nnitter  are  covered  by  sta- 
lactites. Formerly,  these  bones  fortaed  rnn  important  mrtide  of 
commerce,  being  used  in  medicince,  and  soM  under  the  name  of 
the  fossil  unicorn.  Single  skeletons  of  large  quadrupeds  have 
formerly  been  discovered  in  caverns  in  this  country ;  bat  we  had 
no  authentic  account  of  the  bones  of  carnivorous  animxds  having 
been  found  in  any  English  caves,  previously  to  the  year  18il ; 
when  some  labourers  w6rking  in  a  quarry  at  Kh'kdale  near  Kir* 
-by  Moorside,  in  Yorkshire,  dtsoovered  an  opening  covered  over 
with  rubbish  and  earth,  about  1 00  feet  above  the  Q^eighbeufiq[ 
-brook.  This  was  the  mouth  of  a  low  cavern,  extending  about 
^00  feet  into  the  rock.  The  floor  of  the  cavern  was  covered  wilk 
1>roken  bones  and  teeth  of  various  animals,  encased  tn  a  stratoa 
of  mud  about  a  foot  thick.  Fortonately,  this  cavern  was  esam- 
ined  by  Professor  Buckland  of  Oxford,  soon  after  its  discovery ; 
who  has  published  a  very  luminous  account  of  its  structure  and 
contents,  duoidated  by  references  to  (he  most  remarkable  cav- 
erns in  other  countries  which  he  has  visited,  containing  bones  of 
carnivorous  animals.    The  bones  in  the  Kirkdale  Cave  are  bro- 
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kM  mnd  gMwed,  tnd  loine  of  them  preserve  the  marks  of  the 
teeth  whidi  have  firactared  them.  Even  the  excrements  of  ani- 
mals suaUar  to  tfaoee  of  the  hyena,  have  been  discovered  with 
them.  The  bones  in  this  cave  differ  much  from  those  in  the 
caves  of  CreroMBy ;  as  a  great  number  of  them  belong  to  herbi- 
vorous animals,  and  the  carnivorous  animals  whose  remains  are 
most  abundant,  are  hyenas.  Among  these  remains,  Professor 
Buckkiid  ho  ascertained  bones  of  the  following  orders : — 

Cmmivurwu  Qj^drvpedt. — ^The  hyena,  tiger,  bear,  wolf,  fox 
4ind  weasel 

PmekydmrnaUi. — ^The  elephant,  rhinoceros,  hippopotamus,  and 
bona 

RoimAa  or  Chiaipert. — ^The  hare,  rabbit,  rat,  water-rat,  and 


Rummmit  AnimaU. — ^The  ox,  and  fragments  and  bones  of 
three  species  of  deer. 

Ard!td*-The  raven,  pigeon,  lark,  snipe,  and  a  small  species  of 
duck. 

From  the  great  number  of  the  bones  of  the  hyena  found  in  this 
cave.  Professor  Buckland  infers  that  it  had  long  been  the  habita- 
tion of  these  animals.  It  is  their  ascertained  habit  partly  to  de- 
vour the  bones  of  their  prey ;  they  also  devour  the  dead  bodies  of 
their  own  species ;  like  wolves  they  are  gregarious  and  hunt  in 
packs.  From  the  habits  of  the  hyena,  he  explains  the  occur- 
rence of  the  remains  of  large  herbivorous  quadrupeds  like  the  el- 
ephant in  so  low  a  cave  as  that  of  Kirkdale  ;  they  have  been 
dragged  into  it  by  these  voracious  animals.  Several  English 
caverns  have  since  been  explored.  In  some  of  them  there  are 
faesws  both  of  herbivorous  and  carnivorous  animals,  similar  to 
those  in  the  Kirkdale  Cave.  These  caves  are  described  in  Pro- 
fessor  Buckland^s  valuable  work  entitled  ReUquiie  Dilttcian^. 

That  the  caverns  in  which  the  bones  of  carnivorous  animals 
are  found  in  such  prodigious  quantities,  were  the  retreats  of  some 
of  these  animals,  cannot  be  doubted.  Many  circumstances  de- 
scribed in  the  account  of  the  Kirkdale  Cave,  can  be  explain- 
ed only  by  admitting  it    There  are,  however,  other  circumstan- 
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ces,  particularly  in  the  caves  of  Germany,  which  would  vufkfi 
that  part  of  the  bones  belong  to  animals  that  had  fallen  throa^ 
fissures,  which  formerly  opened  into  these  caverns,  or  that  the 
bones  themselves  had  been  carried  by  water  through  these  fis- 
sures. In  the  cave  at  Galenreuth,  there  are  rounded  fragments 
of  limestone,  intermixed  with  the  bones,  and  the  entrance  of 
some  of  the  caverns  is  much  too  stnaU  to  have  admitted  the  ani- 
mak  whose  bones  are  found  in  them.  I  think  it  is  also  probaUe, 
that  a  violent  convulsion  of  nature,  as  a  rising  deluge  and  the 
fierce  war  of  elements  without,  might  have  driven,  under  the 
strong  impulse  of  alarm,  numerous  animals  of  difierent  species 
into  the  same  caverns,  where  they  devoured  each  other,  and 
their  bones  have  been  intermixed  with  those  of  the  former  inhab- 
itants. It  is  also  highly  probable,  that  the  entrances  of  many  of 
the  caverns,  and  the  caverns  themselves,  have  been  formerly 
more  lofty  than  at  present,  but  have  been  gradually  lowered  by 
the  subsidence  of  the  upper  strata.  Indeed  it  is  admitted,  that 
the  caverns  and  grottoes  in  the  neighbourhood  of  Adelsberg, 
have  occasioned  numerous  depressions  of  the  surfiice.  Such  ao 
efiect  must  generally  take  place,  in  a  greater  or  less  degree,  with 
the  strata  over  caverns.  Most  calcareous  caverns  appear  to  bavd 
been  originally  formed  by  subterranean  streams  4>f  water,  wash- 
ing out  their  regular  beds  of  clay  between  the  limestone  strata ; 
and  when  the  cavern  is  formed,  the  upper  strata  must  gradually 
or  suddenly  descend.  If  the  same  process  of  excavation  by  sub- 
terranean water  take  place  slowly,  the  subsidence  may  be  so 
gradual,  as  scarcely  to  be  perceived  in  the  lapse  of  centuries.  I 
am  acquainted  with  an  instance  of  the  gradual  subsidence  of  a 
hill  of  oolite  in  Lincolnshire  within  the  memory  of  man,  support- 
ed by  undoubted  testimony.  There  is  also  a  fact  respecting  the 
calcareous  mountains  near  Ingleton  and  Settle  in  Yorkshire,  il- 
lustrative of  the  manner  in  which  bones  may  be  introduced  into 
caverns ;  but  still  more  so,  of  the  manner  in  which  the  fissures  of 
calcareous  rocks,  bordering  the  Mediterranean  Sea,  have  been 
filled  with  bones  of  herbivorous  animals. 

The  mountain  of  transition  limestone  of  Craven  in  Yorkabirei 
forms  in  many  parts,  a  nearly  flat  elevated  surface  of  tablf|. 
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covered  witfa  vegetatioD,  but  intersected  by  numerous  fissures  or 
chunu  of  vast  length  and  depth,  varying  from  a  few  inches  to  r 
loot  or  mam  in  width.  Many  of  these  fissures  widen  as  they  de- 
•ceod  ;  and  at  the  bottom,  streams  of  water  may  be  frequently 
heard  mnntDg.  During  snow,  it  is  not  unt^ommoo  for  sheep  to 
be  lost  in  these  t^asms,  and  the  whole  surface  is  extremely  dan- 
gerous to  traverse  io  the  dark.  Limestone  plains,  intersected  by 
audi  fissures,  nay  be  regarded  as  natural  traps  for  herbivorous 
animals,  into  which  they  may  fall  in  whole  droves,  when  chased 
by  beasts  of  prey.  Their  bones  may  either  slick  &8t  in  the  fis- 
sures, and  be  afterwards  inclosed  in  calcareous  stalactites,  or 
they  may  be  carried  by  subterranean  currents  into  caverns,  which 
have  no  eommunicalion  with  the  surface.  Such  was  the  cavern 
at  the  Bull's  Eye  mine,  near  Workaworth  in  Derbyshire,  which 
was  opened  by  mining  operations  in  the  year  1663,  and  contain- 
ed the  entire  skeleton  of  an  elephant 

The  bones  of  existing  species  of  animals  in  peat,  or  in  alluvial 
■oil,  may  occasionally  be  found  intermixed  with  fossils  from  an- 
cient strata ;  for  when  the  roclu  which  contain  the  organic  re- 
mains of  a  former  world,  are  exposed  to  the  disintegrating  efiects 
of  atmospheric  action,  the  fossils  being  generally  harder  than  the 
stone  in  which  they  are  imbedded,  fall  out,  and  may  be  carried 
down  by  casual  inundations  and  mixed  with  recent  alluvial  depo- 
■ila.  It  may  also  happen  that  recent  bone§  have  been  transported 
by  the  same  cause,  and  intermixed  with  ancient  diluvial  deposits : 
nich  intermixtures  are  not  of  frequent  occurrence,  but  they  should 
be  most  carefully  noticed  by  the  geologist,  or  they  may  be  the 
source  of  very  erroneous  inductions. 

Baron  Cuvier  maintains  that  the  anoplotherium,  and  paleothe- 
riunit  found  in  the  gypsum  strata  near  Paris,  belong  to  a  more 
ancient  creation  than  the  fossil  elephant  and  mastodon.  Many 
facts  might  be  cited  (did  the  limits  of  the  present  volume  per- 
mit,) which  oppose  the  opinion  of  this  distinguished  naturalist. 
The  remains  of  elephahts  found  in  beds  analogous  to  the  Lon- 
don clay,  and  of  the  mastodon  and  beaver  found  under  beds  of 
e  and  Umaitoiie  at  Alpnacb,  must  surely  be  as  ancient,  an 
ua  the  Paris  basin. 


CHAPTER  XIX. 

GEOLOGICAL  THBORIES.— THE  FORMATION  OP  ▼  ALLIS8.— DELOOa 

AND  DENUDATIONS. 

Thkrk  are  few  subjects  on  which  the  opinioiis  of  geoloprts 
have  beea  more  divided,  than  the  formation  of  yalliei.  Ths 
principal  theories  that  have  been  advanced,  ascribe  tbev  fonsar 
tion  to  one  or  other  of  the  following  causes. 

1st,  To  the  original  inequalities  of  the  earth's  surfiBkce. 

2d,  To  excavation  by  rivers  that  flow  through  them. 

3d,  To  the  elevation  or  subsidence  of  part  of  the  earth's  surfiua 

4th,  To  excavations  caused  by  the  sudden  retreat  of  the  ses 
from  our  present  continent. 

6th,  To  excavations  by  inundations  or  deluges,  that  bav«  sud- 
denly swept  over  the  surface  of  different  parts  of  the  globe. 

I  shall  briefly  notice  the  leading  facts  that  &vour  or  oppose 
each  of  these  theories. — The  phenomena  presented  by  different 
vallies,  are  frequently  various  and  complicated,  and  indicate, 
that  several  causes  have  co-operated  in  their  excavation,  or  in 
moulding  them  into  their  present  form.  The  disappearance  of 
large  portions  of  strata,  from  districts  which  they  have  once  evi- 
dently covered,  is  also  a  phenomenon  of  frequent  occurrence; 
and  its  explanation  must  be  sought,  from  some  of  the  same 
causes,  that  have  excavated  vallies. 

The  first  of  the  above  theories  is  that  of  Werner :  he  supposed 
that  all  the  matter  of  which  primary,  transition,  and  secoodaij 
rocks  are  formed,  was  originally  held  in  solution  by  water,  and 
that  the  water,  so  saturated  with  mineral  matter,  coverod  the 
whole  globe.  The  primary  rocks  of  granite  were  formed  bj 
chemical  precipitation,  and  their  peaked  summits  and  declivities 
were  the  result  of  their  original  deposition.  On  the  steep  sides 
of  these  primary  mountains  were  subsequently  deposited  the  di( 
ferent  schistose  rocks,  and  all  the  secondary  strata*    Ihuriog  the 
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time  that  these  rocb  were  depositiiig.  the  wm;er.  thoogfa  nearlr 
saturated  with  mineral  matter,  was  capable  of  sapporting  animal 
life,  and  the  ahells  and  remains  of  zoophvtes  and  fish,  were  envel- 
oped in  the  itrata  at  the  period  of  their  deposition.  According 
to  this  theor7,  when  the  wafer  retired  from  the  present  conti- 
nents, the  monntains  and  rallies  were  alreadr  formed. 

The  theory  of  Werner  requires  for  its  support  the  admission  of 
conditions,  which  appear  in  the  present  state  of  our  eiperience 
impossiUe,  and  it  is  at  Tariance  with  existing  phenomena.  The 
vertical  position  of  beds  of  pudding-stone,  sandstone,  and  the  ter- 
tiary strata  in  the  Alps,  could  not  have  been  their  original  one  } 
nor  can  the  headings  and  contortions  of  the  strata,  so  common  in 
Alpine  coimlries,  be  explained  by  original  deposition.  A  further 
account  of  part  of  Wemer^s  theory  is  given.  Chap.  IX.  page  161. 

The  second  theory.  That  all  vallies  have  been  excavated  by 
the  rivers  that  flow  through  them^  was  maintained  by  Dr.  Button 
and  Professor  Playfair :  it  formed  a  part  of  their  general  theory 
of  the  earth;  the  leading  prop«^isitions  of  which  are,  that  the  sur- 
face of  the  present  continents  is  wearing  down  by  the  action  of 
the  atmosphere  and  by  torrents,  and  that  the  materials  are  carried 
by  rivers  into  the  sea,  and  there  deposited.     At  a  future  period 
these  materials  will  be  melted  or  consolidated  bv  subterranean 
heat  imdcr  the  pressure  of  the  ocean,  and  subsequcutly,  by  the 
expansive  force  of  central  fire,  the  bed  of  the  ocean  will  be  eleva- 
ted, and  form  new  continents.    According  to  this  theory,  our  pre- 
sent continents  have  been  also  formed  from  the  ruins  of  a  prece- 
ding world,  and  elevated  by  a  similar  cause.    It  is  only  with  that 
part  of  the  Huttonian  system  which  relates  to  the  excavation  of 
valleys,  that  we  have  at  present  any  concern.    It  is  remarkable, 
that  a  theory  which  maintains  that  the  continents  were  raised 
from  the  ocean  by  subterranean  fire,  should  limit  the  formation 
of  vallies  to  the  action  of  the  rivers  that  run  through  them  ;  for  if 
the  land  were  raised  by  an  expansive  power  acting  from  beneath, 
it  seems  to  follow  as  a  necessary  corollary,  that  the  surface  would 
be  unequally  elevated,  and  broken  into  inequalities  by  the  same 
cause ;  unless  we  suppose,  that  every  part  presented  an  equal  de« 

44 


346  ACTION  OF  RIVERS. 

gree  of  resistance  to  the  moving  force.  There  must,  therefore, 
have  been  original  inequalities  or  valiies,  which  determined  the 
direction  of  the  water-courses  in  the  first  instance,  though  the 
form  of  these  vallies  may  have  been  subsequently  modified,  by 
the  action  of  water.  That  all  vallies  have  been  excavated  by 
the  rivers  that  flow  through  them,  is  opposed  by  many  decisive 
facts.  Before  their  excavation,  the  water  must  have  had  les 
force  than  at  present,  as  the  fall  would  be  gentle ;  and  the  pres- 
ent effect  of  rivers  in  large  vallies  is  not  to  excavate  them  deeper, 
but  to  fill  them  with  alluvial  depositions.  There  are  numerow 
deep  valleys  in  -the  Alps,  that  are  closed  at  one  end  by  sleep 
mountains  or  perpendicular  walls  of  rock,  and  which  were  orgi- 
nally  closed,  and  are  now  nearly  closed,  at  the  other  end  also. 
Such  are  the  valley  of  Thones  near  Annecy,  the  valley  of  Cha- 
iilooni,  and,  on  a  larger  scale,  they  valley  of  Geneva.  It  is  evi- 
dent that  the  valley  of  Thones,  and  that  of  Geneva,  have  once 
been  filled  with  water,  and  formed  takes :  by  an  earthquake,  or 
by  the  erosion  of  water,  a  fissure  has  been  made,  which  has 
drained  the  greater  part  of  these  valleys;  but  it  is  obvious  that 
the  valleys  could  not  have  been  formed  by  the  original  lakes,  or 
by  the  rivers  that  flowed  into  them.  If  vallies  were  formed  by 
the  erosion  of  rivers,  the  lakes  through  which  these  rivers  flow, 
must  have  long  since  been  filled  up  by  the  materials  brought  into 
them.  To  say  that  the  lakes  were  once  deeper  than  at  present, 
18  giving  up  the  theory ;  for  lakes  are  only  the  deeper  parts  of 
vallies. 

Had  the  valley  of  Borrowdale  in  Cumberland  been  excavated 
by  the  water  that  flows  from  it,  the  lake  of  Keswick,  at  its  en- 
trance, must  have  received  all  the  materials,  and  been  long  since 
choked  up.  Or  had  the  valley  of  the  Rhone,  ten  thousand  feet 
deep  and  sixty  miles  in  length,  been  excavated  by  the  Rbooe,  the 
quantity  of  matter  brought  down  by  this  river,  would  not  onlj 
have  filled,  the  lake  of  Geneva  into  which  it  empties  itself,  but  the 
broad  valley  in  which  the  lake  lies,  must  also  have  been  filled  upi 
and  raised  to  the  height  of  the  Jura.  That  the  lake  of  Geneva, 
and  all  lakes  into  which  large  rivers  flow,  are  gradually  iilliiig  i^ 
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has  been  before  stated ;  but  the  valley  of  the  Rhone  is  not,  nor 
are  other  valleys  becoming  deeper.  The  upper  part  of  this  val- 
ley has  evidently  been  itself  a  lake,  closed  in,  or  nearly  so,  by  the 
rocks  at  Martigny. 

The  action  of  torrents  in  Alpine  districts,  may  have  been  sufli- 
cient  to  widen  fissures  already  made,  or  to  scoop  out  glens  in  the 
softer  beds  on  the  sides  of  mountains ;  but  they  appear  inade- 
quate to  the  original  formation  of  large  longitudinal  vallies. — 
Water-courses  running  on  the  edges  of  nearly  vertical  beds,  may 
scoop  out  a  portion  of  a  softer  bed,  placed  between  two  hard 
rocks,  and  thus  form  small  longitudinal  vallies.  I  have  obsened 
several  instances  of  such  vallies  in  the  Alps,  which  may  probably 
have  been  furrowed  by  mountain  torrents  in  the  course  of  ages. 
Some  vallies,  as  Les  Echelles,  near  Chambery,  are  closed  at  one 
end  by  a  perpendicular  wall  of  rock :  through  this  ro«-k  a  tunnel 
is  made  for  the  road ;  but  it  is  impossible  to  conceive,  that  any 
action  of  water-courses  could  have  formed  such  a  vallev.  There 
is  only  a  feeble  stream  that  flows  from  it.*  Malm  Oive,  at  the 
head  of  the  valley  of  the  Aire,  in  Yorkshire,  is  a  perpendicular 
v«rall  of  limestone  two  hundred  feet  high :  at  its  feet  the  river  rises; 
but  no  conceivable  action  of  the  river  could  have  originally  form- 
ed this  valley.  Whatever  extension  we  may  reasonably  grant  to 
the  action  of  rivers,  it  will  not  be  found  suflicient  for  the  excava- 
tion of  valleys,  except  in  particular  situations. 

The  third  theory,  which  attributes  the  formation  of  vallies  to 
the  elevation  of  mountain  ranges,  appears  to  assign  a  cause, 
that  will  explain,  in  a  simple  manner,  the  formation  of  many  val- 
lies ;  but  on  examination,  it  will  be  found  inadequate  to  explain 
the  phenomena  of  other  vallies,  without  the  concurrence  of  dil- 
Invial  action. 

If  the  crust  of  the  globe  were  broken  and  raised  in  parallel 
ridges,  they  might  form  mountain  ranges,  with  vallies  between 
them,  like  what  arc  observed  bordering  the  central  range  of  the 


*For  a  particalar  account  of  tb^*  ^tructuro  ofthif)  valley,  fee  Travela  in  the  Taran- 
tylse,  vol.  i.  page  1S9. 
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Alps ;  Uie'Brched  stratification  of  many  of  the  calcareoiu  okmb* 
tains,  and  the  vertical  position  of  the  beds,  favqar  this  bypotbeik 

In  some  instances,  where  the  beds  of  a  mountaio  are  raised 
from  an  horizontal,  to  a  nearly  vertical  position,  they  would  leave 
a  chasm  proportionate  to  the  part  that  had  been  rafaed ;  and  tUi 
might  form  the  bed  of  a  lake.  The  steep  escarpments  which  ths 
calcareous  mountains  in  Switzerland  and  Savoy  present  to  tht 
lakes  which  they  border,  indicate  that  the  beds  of  the  lakes  waia 
formed  in  the  hollows  that  had  been  left  by  the  elevation  of  thft 
mountains.  The  beds  of  the  mountains  on  the  opposite  side,  fse- 
erally  slope  down  to  the  lakes :  hence  M.  De  Luc  inferred,  thil 
it  was  these  mountains  that  had  sunk  down,  and  left  the  chassi 
which  forms  the  bed  of  the  lake.  Either  of  these  theories  wil 
explain  the  formation  of  deep  lakes  in  mountainous  coontrieSi 
in  a  more  satisfactory  manner,  than  that  which  attributes  tha 
deepening  of  their  beds  to  the  erosion  of  water. 

Nor  is  the  elevation  of  parts  of  the  earth^s  surface  by  a  pow- 
er' acting  fix>m  beneath,  unsupported  by  undoubted  facts.  We 
have  instances  in  our  own  island  of  the  strata  being  broken,  and 
raised  five  or  six  hundred  feet.  (See  pages  1 14  and  145.)  And 
so  recently  as  the  year  1822,  the  bed  of  the  ocean,  over  an  ei- 
tent  of  one  hundred  miles,  was  permanently  raised  up,  and  be- 
came dry  land.  (See  page  78.)  These  facts  may  make  as 
more  ready  to  acknowledge  the  operation  of  a  similar  elevating 
power,  having  acted  with  greater  intensity,  and  more  extensively, 
in  former  ages. 

Transversal  vallies,  or  those  which  cut  through  mountain  ran- 
ges, nearly  at  right  angles  to  the  direction  of  the  ranges  they  in- 
tersect, may  have  been  originally  fissures  or  openings,  made  ei^ 
ther  at  the  period  when  the  ranges  were  elevated,  or  subse- 
quently, by  the  same  causes  that  have  rent  and  displaced  the  see- 
ondary  strata.  These  fissures  may  have  been  afterwards  widen- 
ed by  diluvial  agency. 

Geologists  seem  now  generally  agreed,  tliat  the  action  of  rivers 
is  not  sufficient  to  explain  all  the  phenomena  of  vallies,  and  still 
less  to  account  for  the  fragments  of  rocks  scattered  over  exten- 


DKKn>ATiQX& 

«ve  plains,  at  an  immenBe  diitanoe  fiom  Alpine  disliictt. 
rocks  similar  to  these  fragments  occur.  Another  pbcaosncnoB 
of  more  importance,  is  altogether  inexpiicabie,  br  the  actjra  of 
rivers.  Immense  tracts  of  the  secoodarr  strata,  several  hondred 
feet  in  depth,  have,  in  some  districts,  been  torn  ofi^  and  the  ma- 
terials entirely  removed,  except  detached  patches,  which  here 
and  there  form  isolated  caps  on  distant  hilk ;  and  incontesubly 
prove,  that  they  were  once  parts  of  one  continoons  stiauim  or 
formation.  Nomeroos  instances  of  this  might  be  dted  in  onr 
own  island.  Thb  local  disappearance  of  a  stratom  or  formatioB, 
has  property  been  called  Denmdaium.  The  theory  advanced  by 
If  r.  Farey,  to  explain  these  denudations,  was,  that  the  snrfree 
had  been  broken  and  swept  away  by  the  near  approach  of  a 
comet.  Bat  the  most  rational  explanation  that  can  be  <^sred, 
is  that  which  ascribes  the  effect  to  a  mighty  dehge,  sweeping 
over  the  surface  of  the  globe,  tearing  off  part  of  its  cnst,  and 
transporting  the  fragments  into  distant  regions,  or  into  the  ocean. 
The  case  is  one  which  may  be  truly  said  to  be  digmms  rimdice  mo- 
dus, and  the  geologist  is  compelled  to  call  in  the  aid  of  Neptune ; 
for  none  of  the  causes  in  present  activity,  (however  we  may  ima- 
gine them  to  be  increased  in  power  or  magnitude,)  will  be  found 
adequate  to  produce  the  denudation  of  an  extensive  stratum,  and 
the  disappearance  of  the  stony  materials,  of  which  it  was  com- 
posed. 

It  now  remains  to  notice  the  theories  which  provide  for  diluvi- 
al  agency. 

The  fourth  theory,  which  attributes  the  formation  of  vallies  to 
the  sudden  retreat  of  the  sea  from  our  present  continents,  is 
founded  on  the  admitted  fact,  that  the  sea  has  once  covered 
them ;  and  whether  we  suppose  that  the  bed  of  the  ocean  was 
deepened  in  one  part  by  a  sudden  subsidence,  which  drew  off  the 
water  from  another  part ;  or  that  the  continents  emerged,  by  an 
expansive  force  acting  beneath  thera, — the  effect  on  the  water 
would  be  nearly  the  same.  This  effect,  in  scooping  out  valleys, 
has  been  compared  to  what  may  be  observed  in  miniature  '^  by 
the  drainage  of  the  retiring  tides  on  muddy  shores,  especially  in 
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confined  estuaries  where  the  fall  is  considerable  and  rapid,**  the 
water  cutting  out  channels  for  its  passage  as  it  drains  off,  but  the 
action  of  retirmg  water  being  necessarily  comprised  in  the  fiRh 
theory,  that  of  Deluges,  it  is  unnecessary  to  dwell  longer  upon  it 

The  fifth  theory,  which  ascribes  the  formation  of  yallejrs,  and 
extensive  denudations  of  the  strata,  to  deluges  that  have  sudden- 
ly swept  over  different  parts  of  the  globe,  has  been  maintained  bj 
Professor  Pallas  and  Sir  James  Hall.  The  former  conjectured, 
that  the  inundations  that  have  covered  parts  of  the  Asiatic  con- 
tinent with  blocks  of  stone,  beds  of  gravel,  and  marine  remains^ 
were  occasioned  by  the  formation  of  vcJcanic  islands  in  the  In- 
dian Ocean.  Within  the  period  of  authentic  history,  extennTe 
inundations  have  been  occasioned  by  volcanos  and  earthquakes, 
which  afford  probability  to  the  opinion  of  Pallas.  Id  the  yen 
1650,  a  new  volcanic  island  rose  from  the  sea  in  the  Grecian  A^ 
cbipelago ;  and  according  to  the  account  of  Kircher,  a  cotempo- 
rary  writer,  it  occasioned  the  sea  to  rise  forty  five  feet  in  heigbt, 
at  the  distance  of  eighty  miles,  and  destroyed  the  galleys  of  the 
Grand  Signior  in  the  port  of  Candia.  The  principal  damage 
done  by  earthquakes  to  cities  adjoining  the  sea,  is  often  efiected 
by  an  enormous  wave ;  the  sea,  retiring  from  its  bed  in  the  first 
instance,  suddenly  returns  with  a  prodigious  swell,  and  in  a  few 
moments,  rushes  over  the  adjacent  country. 

Sir  James  Hall  has  given  greater  extension  and  consistency  to 
this  speculation.  He  supposes,  that  the  upheaving  of  a  large 
island  like  Sumatra,  might  take  place  so  suddenly,  as  to  drive 
the  ocean  with  great  impetuosity  over  the  summits  of  the  highest 
mountains,  and  strip  off  the  glaciers,  and  transport  them  into  dis- 
tant countries.  Ice  being  specifically  lighter  than  water,  the 
glaciers  would  carry  away  the;  blocks  of  stone  that  had  failei 
upon  them  fi'om  the  impending  rocks,  and  had  become  incased 
in  ice.  This  theory  of  Sir  James  HalPs,  would,  I  conceive,  of» 
fer  a  better  explanation  than  any  other,  for  the  occurrence  of 
groups  of  fragments  of  particular  rocks,  unmixed  with  fragments 
of  other  rocks.  Each  glacier,  loaded  with  stones  from  the  rocki 
above  it,  may  be  regarded  as  a  ship  freighted  with  specimens  of 
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its  native  moonUias,  which  it  deposiu,  by  thawing,  in  the  place 
where  it  ultimately  rests.  Nor  would  a  wave  or  swell  of  the  sea, 
that  bad  covered  the  highest  mountains,  suddenly  subside;  it 
would  sweep  repeatedly  over  the  whole  surface  of  the  globe,  at 
a  lowes  and  lower  level  each  time ;  breaking  down  opposing  ob- 
stacles, opening  new  passages  for  the  water,  and  scooping  out 
vallies  and  cols  in  the  softer  beds  and  strata.*  On  the  whole, 
the  theory  of  Sir  .James  Hall  affords  perhaps  the  most  satisfac- 
tory explanation  of  diluvial  agency  that  has  yet  been  advanced. 
But  whatever  difficaJties  may  oppose  the  admission  of  this  or 
any  other  theory,  the  fact  that  the  present  continents  have  been 
snbjected  to  the  action  of  a  deluge,  or  a  mighty  rush  of  waters, 
which  has  swept  over  .the  highest  mountains,  seems  confirmed  by 
ao  many  coincident  phenomena,  as  scarcely  to  leave  room  for 
doubt 

Granting  the  agency  of  a  deluge,  or  a  succession  of  deluges, 
there  are  still  phenomena  left,  that  their  action  will  not  satisfac- 
torily explain.  In  the  midland  counties  of  England,  for  instance, 
there  are  beds  of  gravel,  and  fragments  of  rock,  scattered  over 
hiUs*  that  are  not  only  far  distant  from  the  rocks  which  have  sup- 
plied the  fragment,  but  which  are  separated  from  them  by  deep 
vallies,  over  which  it  is  supposed  that  the  fragments  could  not 
have  been  carried,  by  any  power  of  diluvian  agency ;  for  in  Eng- 
land, we  have  not  the  glaciers  to  assist  in  their  transportation. 
It  has  been  imagined,  that  these  fragments  and  beds  of  gravel 
I      '  .  ■■     I      ■ .    .  , 

^  *  Tkow  ^opiBMions  in  a  nnge  of  mountainf*  which  ofier  the  tasiest  accen  in 
owing  from  one  valley  to  another,  arc  in  the  Alps  called  Cols.  J.  obseryed  that 
dieae  cola  were  all  in  the  softest  beds ;  and  their  formation  admits  of  an  easy  expla- 
batloD  by  dilnvial  action.  See  Plate  2.  fig.  2.  *<  A  range  of  mountains  with  their 
lnJsTrfiJMy  elevated,  is  extended  from  atodd.  At  c  c  the  beds  are  of  very  soft 
jlito  or  sliale,  which  has  been  excavated  so  as  to  offer  a  passage  over  tlie  range, 
^1001^  the  highest  part  is  several  thousand  feet  above  the  valley.  Such  is  the  Col 
de  Balm  above  ChaouHini.  The  beds  probably  extended,  at  (he  period  of  their  ele- 
vatloiK  In  the  direction  of  the  dotted  lines.  These  cols  could  not  be  formed  by  rivers, 
«0  very  little  water  flows  firom  them.  The  valley  of  Derwent  (see  Plate  4.  fig.  1. 
baiweett  fiie  hills  S  and  6^)  ww  evidently  ibrmed  by  the  erosion  of  water,  and  dot  by 
fSbB  elevation  of  its  aidca;  as  the  beds  on  each  side  are  the  same. 
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nrere  deposited  in  their  present  positions,  before  the  intervemng 
vallies  were  scooped  out.  But  any  subsequent  deluge,  sufficieot- 
ly  powerful  to  scoop  out  vallies,  must  also  bare  swept  away  the 
loose  stones  on  the  surface.  We  must  therefore  admit,  etthei 
that  the  water  of  the  deluge  covered  the  earth  for  some  time, 
during  which  period  the  stones  and  gravel  were  deposited,  and, 
on  retiring  rapidly,  excavated  the  softer  strata  into  vallies;  or 
that  a  great  change  has  since  taken  place  in  the  level  of  partion* 
lar  situations,  by  elevation  or  subsidence. 
»  Many  facts  appear  to  prove,  that  both  local  and  general  chaogei 
have  formerly  been  effected  in  the  relative  level  of  the  land,  aad 
the  bed  of  the  ocean.  The  alternations  of  marine  and  fireibwa- 
ter  formations  below  the  chalk  strata,  offer  a  proof  of  thb;  wai 
the  occurrence  of  freshwater  shells,  and  the  remains  of  troeiws 
and  marsh-plants,  in  the  coal  strata,  prove  the  vicinity  of  diy 
land,  and  that  these  strata  were  not  deposited  under  a  deep  tea, 
as  appears  evidently  to  have  been  the  case  with  the  chalk  strata, 
and  also  with  the  magnesian  limestone,  that  immediately  coven 
the  coal  strata.  But  not  to  go  so  far  back  in  our  researches,  we 
have  a  present  proof  on  the  shores  of  England,  of  the  change 
which  the  level  land  has  undergone.  A  submarine  forest,  extend- 
ing far  into  the  sea,  may  be  traced  at  low  water  on  many  of  oar 
coasts,  and  particularly  on  those  of  Yorkshire  and  Lincolnshire. 
The  trees  are  broken  off  near  the  roots,  but  their  stumps  ire 
erect,  and  indicate  that  they  are  in  the  position  in  which  they 
have  formerly  grown.  This  fact  alone  may  serve  to  show,  that 
the  relative  level  of  the  dry  land  and  the  ocean  has  not  alwayy 
been  the  same  that  it  is  at  present,  and  may  induce  us  to  admiU 
with  less  reluctance,  the  successive  subsidences  and  emersions  of 
the  ancient  continents,  which  the  alternation  of  marine  witk 
freshwater  strata,  directly  indicate. 

It  will  not  be  foreign  to  the  present  subject  to  state,  that,  froB 
recent  accounts  of  travellers  who  have  visited  Thibet,  it  appeals 
that  bones  of  horses  and  deer  are  brought  down  by  avalanches 
from  the  Himmaleh  mountains,  at  the  height  of  sixteen  thousand 
feet^  and  above  the  region  of  eternal  snow.    Now  if  thia  hc%  be 
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well  ettabiiBhed,  it  would  indicate,  either  that  these  bones  had 
been  deposited  there  by  a  deluge,  or  that  the  mountains  had  been 
raised,  since  the  Asiatic  continent  was  peopled  by  land  quadru- 
peds analogous  to,  if  not  identical  with,  existing  species ;  for  it 
cannot  be  supposed,  that  horses  and  deer  could  have  subsisted 
near  the  sommits  of  these  mountains,  surrounded  by  snow,  and 
&r  above  the  region  of  vegetation.  If  ancient  traditions  could 
be  relied  upon  with  as  much  certainty  as  the  records  of  nature 
imprinted  on  the  crust  of  the  globe,  we  might  cite  the  fact  of 
ancient  ccmtinents  having  sunk  down  since  the  world  was  peopled 
bj  the  human  race.  Plato,  in  his  dialogue  entitled  TimtBus^  says, 
that  Soloar  received  an  account  from  the  priests  of  Sais  in  Egypt, 
that  there  was  formerly  a  vast  country  called  the  Atlantades, 
•ituated  beyond  the  Straits  of  Gibraltar,  the  inhabitants  of  which 
were  highly  civilised,  and  flourishing;  but  the  whole  country  was 
eogulphed  in  the  ocean,  during  a  violent  earthquake. 

The  limits  of  an  elementary  treatise  will  not  admit  a  greater 
apace  ibr  geological  theories,  or  for  the  further  enumeration  of 
lacts,  that  indicate  the  former  action  of  inundations  on  the  sur- 
face of  continents  and  islands,  and  the  changes  which  have  taken 
place  in  the  relative  level  of  the  bnd,  and  the  bed  of  tlie  ocean. 
These  facts  must  be  admitted,  notwithstanding  the  ditficulties 
that  may  attend  their  explanation,  for  it  is  not  a  mere  fiction  of 
fancy,  that 

*' Earthquakes  have  raised  to  heaven  the  lowly  vale. 

And  gulphs  the  mountains*  mighty  mass  entombed. 

And  where  0ie  Atlantic  rolls,  wide  continents  have  bloom*d.**  Beattie. 

Yet  whatever  proofs  we  may  have  of  such  changes,  they  are  so 
femote  iirom  our  present  experience,  at  least  in  this  part  of  the 
globe,  that  we  cannot  avoid  regarding  them  as  more  proper  sub- 
jects for  the  poet,  than  fur  the  sober  records  of  the  natural  his- 
loriao* 

Before  I  conclude,  it  may  be  right  to  advert  to  an  inquiry  that 
has  frequently  been  made — What  advantage  can  be  derived  from 
the  ttudy  of  Oealogy  ? 

An 
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The  value  of  every  science  must  ultimately  rest  on  its  uuttty: 
but  in  making  the  estimate,  we  ought  not  to  be  guided  alone  by 
the  narrow  view  of  immediate  gain.  The  material  universe  ap- 
pears destined  to  answer  two  important  purposes :  the  first  of 
which,  is  to  provide  for  the  physical  wants  of  its  various  inhabit- 
ants. Now  in  relation  to  this  purpose,  the  science  which  teaches 
us  the  structure  of  the  earth,  and  where  its  mineral  treasures  may 
be  found,  can  scarcely  be  deemed  devoid  of  utility  by  a  oatioH 
deriving  so  much  of  its  comfort  and  wealth,  from  its  mineral  re- 
sources. But  beside  supplying  our  physical  wants,  the  external 
universe  is  destined  to  answer  a  nobler  purpose;  its  various 
objects  appear  intended  to  excite  our  curiosity,  and  stimulate ov 
intellectual  powers  to  the  discovery  of  those  laws,  by  which  the 
successive  events  we  observe  in  nature  are  governed.  Withoil 
this  excitement,  man  would  for  ever  remain  the  mere  creature  of 
animal  sensation,  scarcely  advanced  above  the  beasts  of  the  fin- 
est ;  and  the  universe  would  be  to  him  a  mute  and  unroeanmg 
succession  of  forms,  sounds,  and  colours,  wiihout  connection,  or- 
der, or  design.  In  those  sciences,  which  have  attained  the  b^ 
est  degree  of  perfection,  the  skill  of  the  Creator,  and  the  eodi 
and  uses  of  the  different  parts  are  most  apparent.  Greology  bv 
not  yet  made  sufficient  progress,  to  carry  us  far  in  this  path  of 
inquiry ;  but  we  see  enough  to  discover,  that  the  very  disorder 
into  which  the  strata  on  the  surface  of  the  globe  are  thrown,  and 
the  inequalities  which  it  presents,  are  absolutely  necessary  to  its 
habitable  condition.  The  distribution  of  its  mineral  treasures, 
and  particularly  of  coal,  to  the  cold  and  temperate  regions  of  the 
globe,  is  well  deserving  attention,  and  implies  a  prospective  rS' 
gard  for  the  wants  of  civilized  man :  but  a  cold-hearted  philoso- 
phy, under  the  sanction  of  a  quaint  expression  of  Lord  Bacoo,* 
has  (to  use  the  words  of  Dugald  Stewart)  ^^  made  it  fashionable 
to  omit  the  consideration  of  final  causes  entirely,  as  inconsistent 
with  the  acknowledged  rules  of  sound  philosophizing.     The  rf- 


*  **  Causarum  finalium  inquisitio  sterilis  est,  et  taoquam  virgo  Deo 
nihU  parit.** 
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feet  of  thii  has  been  to  divest  the  study  of  Nature  of  its  most 
attractive  charms,  and  to  sacrifice  to  a  false  idea  of  logical  rigour, 
all  the  moral  impressions  and  pleasures,  which  physical  knowl- 
edge is  fitted  to  yield/* 

Geology  discoTen  to  us  proofs  of  the  awful  revolutions  which 
have  in  former  ages  changed  the  surface  of  the  globe,  and  over- 
whelmed all  its  inhabitants :  it  reveals  to  us  the  forms  of  strange 
and  unknown  animals,  and  unfolds  the  might  and  skill  of  creative 
energy,  displayed  in  the  ancient  world ;  indeed,  there  is  no  sci- 
ence which  presents  objects  that  so  powerfully  excite  our  admi- 
ration and  astonishment.  We  are  led  almost  irresistibly  to  spec- 
ulate on  the  past  and  future  condition  of  our  planet,  and  on  man, 
its  present  inhabitant  What  various  reflections  crowd  upon  the 
mind,  if  we  carry  back  our  thoughts  to  the  time  when  the  sur- 
face of  oar  globe  was  agitated  by  conflicting  elements,  or  to  the 
succeeding  intervals  of  repose,  when  enormous  crocodilian  ani- 
mals scoured  the  surface  of  the  deep,  or  darted  through  the  air 
lor  their  prey ; — or  again,  to  the  state  of  the  ancient  continents, 
when  the  deep  silence  of  nature  was  broken  by  the  bellowings  of 
the  mammoth  and  the  mastodon,  who  stalked  the  lords  of  the 
former  world,  and  perished  in  the  last  grand  revolution  that  pre- 
ceded the  creation  of  man.  Such  speculations  are  somewhat 
humbling  to  human  pride  on  the  one  hand,  but  on  the  other,  they 
prove  our  superiority  over  the  rest  of  the  animal  creation ;  for  it 
has  been  regarded  by  the  wisest  philosophers  in  ancient  times,  as 
a  proof  of  the  high  future  destiny  of  man,  that  he  alone,  of  all 
terrestrial  animals,  is  endowed  with  those  powers  and  faculties, 
which  impel  him  to  speculate  on  the  past,  to  anticipate  the  fu- 
ture, and  to  extend  his  views  and  exalt  his  hopes,  beyond  this 
▼iaible  diurnal  sphere. 


CHAPTER  XX. 

AN  OUTLINE  OF  THE  GEOLOGY  OF  ENGLAND  AND  WALES, 

Geology  of  Englind  and  Wales^—The  priociptl  Biouiitafai  range  on  the  weeterm  rfii 
of  the  island  denominated  the  Great  Alpine  Chain. — Divided  into  three  gvoupi  or 
ranges. — Mineral  treasures  of  the  Devonian  range.— Mountains  of  the  Cambriao 
range  and  principal  mineral  treasures. — Extent  of  the  Northern  range. — Strut' 
ture  of  the  calcareous  mountains  explained  by  a  aectioo  of  England. — MooBtaiw 
surrounding  the  Lakes. — Branch  from  the  Northern  range  extending  inle  Derty- 
flhire. — ^Theae  three  ranges  comprise  the  Alpine  districts. — ^The  middle  distridv 
coal  fields  in  it  enumerated. — This  district  in  some  parts  covered  by  red  marie  ani 
iandstoae  containing  rock-salt  and  brine  springs. — Primary  rocks  and  ancient  tnp 
rocks,  appear  in  the  middle  district,  at  Chanrwood  Forest,  in  WarwicksMre,  Glm^ 
cettersbire  and  Somersetshire. — The  upper  calcareous  district  contahn  bo  bedsef 
good  coal  nor  any  metallic  veins. — Extent  of  the  Magnesian  limestone  bordeiiBg 
the  coal  strata. — E^Etent  and  duration  of  Lias  limestone  through  England. — Range 
of  Oolite  limestone  through  England  and  its  abrupt  termlnatioD. — Strata  betweoi 
the  oolite  and  chalk. — Extent  of  chalk  in  England. — ^Tertiary  formations  cayeriag 
chalk. — Alluvial  and  diluvial  depoailions.-~8ubterranean  and  submarine  lercali.— 
Thermal  waters  of  England. — Observations  on  the  total  thickness  of  the  ^ifs^r^ti 
rock  formations  of  England. — On  coal  districts  concealed  by  upper  calcareous  stra- 
ta.— On  the  cause  which  prevented  tlie  further  extension  of  the  oolite  and  lias  to 
^e  north-west. 

The  shape  of  islands  and  continents,  is  generally  deternuBed 
by  the  ranges  of  primary  and  transition  mountains  tbat  travene 
them  ;  these  have  been  compared  to  the  skeletons,  on  wbich  tbe 
other  parts  of  a  country  are  constructed. 

The  length  of  Britain  is  determined  by  different  groups  of 
mountains,  which  viewed  on  a  large  scale  may  be  regarded  « 
one  mountain  range,  extending  north  and  south  (with  its  ramifi- 
cations) along  the  western  side  of  England  and  Wales,  ftoiD 
Cornwall  to  Cumberland,  and  from  thence  to  the  northern  ex- 
tremity of  Scotland.  All  the  highest  mountains  in  England  and 
Wales  are  situated  in  this  range,  which,  in  reference  to  our  island, 
may  be  called  the  great  Alpine  chain.  This  chain  is  interrupted 
by  the  intervention  of  the  Bristol  Channel,  and  the  low  grounds 
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of  Lancaflhire  and  Cheshire,  which  divide  it  into  three  groups  or 
ranges ;  these,  for  the  sake  of  distinction,  may  be  denominated 
the  DoTonian  range,  the  Cambrian  range,  and  the  Northern 
range.  They  form  the  Alpine  districts  of  England  (coloured  red 
in  the  map.)  The  mountains  of  the  great  Alpine  chain  from 
Cornwall  to  Cumberland,  are  composed  of  primary  rocks  and  of 
other  rocks,  which  belong  chiefly  to  the  class  of  transition  rocks, 
described  Chap.  VII.  Those  parts  in  which  the  primary  rocks 
chiefly  occur,  are  shaded  by  lines.  In  some  few  parts  east  of  the 
Alpine  district,  the  primary  and  transition  rocks  also  make  their 
appearance,  uncovered  by  the  secondary  strata*  A  range  of  pri- 
mary and  transition  mountains  appears  once  to  have  extended 
from  the  Devonian  range,  in  a  north-east  direction,  into  Derby- 
ihire :  the  transition  mountains  of  that  county,  the  Cbamwood 
Forest  hills,  the  sienitic  greenstone  of  Warwickshire,  the  transi- 
tion rocks  of  Dudley,  the  Malvern  Hills,  and  the  trap  rocks  of 
Gloucestershire,  Somersetshire  and  Devonshire,  were  probably 
parts  of  one  range,  and  were  much  loftier  than  at  present. 

It  was  this  range  that  appears  to  have  determined  the  extent  of 
our  island  in  that  direction,  and  to  have  formed  the  western  bor- 
der of  an  ancient  sea  or  lake,  in  which  the  upper  calcareous  stra- 
ta were  deposited.  It  appears  also  to  have  determined  the  ex- 
tent of  the  upper  calcareous  strata,  that  cover  the  eastern  side  of 
England,  and  are  bounded  by  the  line  a  a  a.  This  boundary 
marks  the  direction  of  a  range  of  calcareous  hills,  that  extend 
through  England  in  a  waving  line,  from  the  western  extremity  of 
Dorsetshire,  to  the  eastern  side  of  the  county  of  Durham.  East 
of  this  line,  there  are  no  beds  of  mineral  coal  found  in  any  part  of 
Eni^and.  Between  the  line  a  a  a  and  the  Alpine  districts  (col- 
oured red,)  we  have  the  under  secondary  strata  (coloured  green.) 
AH  the  principal  coal  formations  in  England  occur  in  different 
parts  of  this  district,  which,  for  the  sake  of  distinction,  we  shall 
ca]l  the  Middle  district :  it  is  however  partly  covered  by  beds  of 
red  marie  and  sandstone.  The  upper  calcareous  district^  east  of 
the  line  a  a  a  (and  coloured  yellow  in  the  map,)  is  in  some  parts 
covered  with  beds  of  clay  and  sand  of  a  more  recent  formation. 
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belonging  to  the  tertiary  strata  ;  tbey  are  bounded  in  the  maphf 
the  lines  o  o  o  o.  Other  low  parts  of  this  district  are  covered  bj 
alhiyial  depositions. 

England  and  Wales  may  thus  be  divided  into  three  geological 
districts :  the  Alpine  district,  the  Middle  district,  and  the  Uppsr 
Calcareous  district ;  the  latter  partly  covered  by  tertiary  fbrmsp 
tions.    Each  of  these  districts  has  its  appropriate  characters  and 
minerri  productions.    In  order  to  give  the  reader  a  clear  idea  d 
the  relative  position  of  the  rocks  and  strata  of  these  three  ditii- 
ions,  let  him  take  three  sheets  of  paper,  and  cut  oat  the  fbrai  of 
En^and  in  each.    Let  the  lower  sheet  be  red ;  cover  this  with 
green  paper,  cutting  out  all  the  parts  on  the  western  side,  whidi 
will  leave  the  parts  marked  red  in  the  map  uncovered,  and  also  ihs 
small  parts  where  the  Malvern  Hills  and  Chamwood  Forest  hiib 
are  situated.    Cut  out  the  third  sheet  of  yellow  paper,  so  that  iti 
edge  may  correspond  with  the  line  a  a  a.    Then  cut  out  pieiDSS 
of  dariier  coloured  paper,  and  place  them  over  the  parts  marked 
3  3  2.  for  the  tertiary  strata;  and  sprinkle  sand  on  the  parts  miufc* 
ed  1 1  1.  for  alluvial  and  diluvial  depositions ;  raise  the  westsn 
edge  a  little,  so  as  to  make  the  sheets  of  paper  incline  to  the  soolk 
east ; — and  we  shall  then  have  a  model  of  the  geology  of  Ei^ 
land,  which  would  be  complete,  provided  we  could  raise  the  paifi 
marked  red  above  the  level  of  the  green  paper.    The  red  paper, 
which  spreads  under  the  whole  and  represents  the  primary  and 
transition  rocks  of  the  Alpine  districts,  may  be  conceived  to  ei» 
tend  under  the  sea,  and  to  rise  again  in  Ireland,  France,  Swedes, 
and  Germany,  and  thus  to  be  connected  with  all  the  granitic 
ranges  of  the  old  continent    It  is  scarcely  requisite  to  remail^ 
that  in  presenting  a  general  view  of  the  arrangement  of  the  diF 
ferent  classes  of  rocks  in  this  manner,  the  partial  wavings  or  i^ 
regularities  of  the  strata,  and  the  inequality  of  surface  presenlsd 
by  hills  and  valleys,  must  be  necessarily  disregarded. 

In  the  whole  of  the  Alpine  district,  except  that  part  of  it  wUek  , 
forms  the  Devonian  range,  the  rocks  of  granite  are  deeply  cos* 
ered  by  slate  rocks,  and  only  make  their  appearance  in  ate 
situations.  i 
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To  begin  our  description  with  the  Devonian  Range, — suppose 
the  geologist  to  be  landed  on  the  steep  granite  cliffs  at  the  Land^a 
End  in  Cornwall ;  he  would  perceive  west  of  him  the  rocks  of 
granite,  called  the  Long  Ships,  and  the  more  distant  Scilly  Is- 
lands,  which  were  once  probably  united  to  Cornwall.  This  part 
of  Cornwall  is  composed  chiefly  of  granite,  which  sometimes  pas- 
tes into  porphyry.  The  granite  is  frequently  covered  by  slate 
rocks.  A  silvery  kind  of  slate,  provincially  called  Killas,  appears 
to  occupy  the  place  of  mica-slate.  At  the  Lizard  Point,  the  gran- 
ite is  covered  by  mica-slate,  beds  of  serpentine,  and  diallage  rock 
or  crystallized  serpentine. 

From  the  Land^s  End  to  Dartmoor,  the  traveller  will  pass  over 
a  dreary  ridge  of  granite,  covered  mostly  by  slate  rocks.  The  sur- 
face of  the  country  is  every  where  broken  by  mines ;  there  is 
scarcely  a  tree  visible,  and  the  hills  are  too  low  to  produce  any 
picturesque  eflect. 

At  Dartmoor,  in  Devonshire,  the  granite  rocks  approach  to  a 
mountainous  character,  rising  to  the  height  of  one  thousand  sev- 
en hundred  feet  above  the  level  of  the  sea.  Rocks  of  transition 
limestone  occur  near  the  feet  of  the  granite  mountains,  and  al- 
so on  the  southern  coast  of  Devonshire. 

The  western  boundary  of  the  Devonian  range  is  composed 
principally  of  greywacke  slate,  and  transition  limestone,  which 
extend  along  the  side  of  the  Bristol  Channel,  into  Somersetshire. 
The  Mendip  and  Quantock  hills  are  part  of  this  range. 

Steatite  or  soap-rock,  much  valued  in  the  manufacture  of  chi- 
na, is  found  at  the  Lizard  Point.  Kaolin,  or  decomposed  fel- 
spar, employed  also  in  the  manufacture  of  china,  and  for  the 
finer  kinds  of  pottery^  is  afibrded  by  the  granite  rocks  of  Com- 
walL  Slate  and  marble  are  supplied  from  many  parts  of  theDevo- 
nian  range :  but  the  treasures  for  which  this  part  of  England  is 
most  distinguished,  are  the  ores  of  tin  and  copper.  For  the  for- 
mer, our  island  was  visited  by  the  first  commercial  nations  of 
antiquity.  The  mines  of  tin  are  far  from  being  exhausted ;  but 
the  ore  must  have  been  more  abundant  formerly,  than  at  present. 
This  is  evident^  from  the  pebbles  of  tin  ore. 
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the  surface  in  ihe  alluvial  depositioiis  of  Coivwall.  Tin  Ofeor 
tiD  tUMie  as  it  is  called  hj  mineralogists,  is  eitremely  hard ;  ani 
there  can  be  little  doobt  that  these  water-worn  fragments  ooee 
formed  a  part  of  r^olar  veins,  which  intersected  moontains  tbit 
have  been  decomposed  and  worn  down. 

Beside  copper,  tin,  and  lead,  this  range  contains  ores  of  silrer, 
eobalt,  bismuth,  manganese,  antimony,  sine,  and  iron.  Pieces  of 
native  gold  are  occasionally  discovered  in  the  sands  of  rivnleti, 
in  a  sinnlar  situation  to  stream  tin ;  some  of  these  pieces  are  si 
large  as  a  field  bean.  Ail  the  known  metals  are  found  in  Cornwall 
except  platina,  mercury,  molybdena,  telluriom,  tantaliom,  ooinni* 
bimn,  and  cerium. 

The  annual  value  and  produce  of  the  copper  and  tin  from  tie 
mines  of  Cornwall  and  Devonshire,  on  an  average  of  sevenl 
years,  may  be  stated  at  75,000  tons  of  copper  ore,  value  800,0001. 
sterling;  3^250  tons  of  metallic  tin,  value  337,0002.  sterling. 

Crossing  the  Bristol  Channel,  we  come  upon  the  Alpine  dis- 
trict of  the  Cambrian  range,  which  comprises  nearly  the  whole 
principality  of  Wales,  and  a  part  of  Monmouthshire,  HereiMd* 
shire  and  Shropshire.  Neariy  the  whole  of  this  district  is  coah 
poscd  of  slate  rocks,  transition  limestone,  and  graywacke,  and 
that  mode  of  graywacke,  which  from  its  red  colour,  has  been  caD- 
ed  by  English  geologists  Old  red  sandstone.  The  borders  of  the 
Bristol  Channel,  along  Pembrokeshire,  Caermarthenshire,  and 
Glamorganshire,  are  covered  by  coal  strata,  described  p.  113. 
This  part  properiy  belongs  to  the  lower  secondary  strata  of  the 
middle  district.  The  coal  strata  rest  on  beds  of  transition  lime- 
stone, which  rise  from  under  them,  on  their  northern  outcrop. 
The  eastern  side  of  this  dictrict,  as  far  as  Wenlock  in  Shrop- 
shire, is  composed  of  various  beds  of  the  old  red  sandstone,  which 
in  some  parts  passes  to  the  state  of  common  graywacke,  and  ia 
other  parts  forms  an  imperfect  porphyry.  These  beds  cover  the 
greater  part  of  Herefordshire  and  the  western  border  of  Mon- 
mouthshire; the  lowest  beds  of  transition  limestone,  form  a  nar- 
row raoge  extending  from  Caermarthen  to  Wenlock.  Neariy 
the  whole  of  Caermarthenshire,  Montgomeryshire,  and  ]ladno^ 
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shire,  are  occupied  by  mountains  of  slate  and  gray  wacke,  which 
present  little  variety  of  character ;  but  near  the  town  of  Old  Rad-. 
nor,  there  are  rocks  of  diallage,  and  further  west,  at  Llandgley, 
there  is  a  low  range  of  craggy  rocks,  composed  of  cellular  clay- 
stone,  which  bears  a  strong  resemblance  to  some  varieties  of  la* 
va.  A  similar  rock  covers  some  part  of  the  Wrekin  and  Caer 
Caradock  Hills  of  the  trap  formation  in  Shropshire. 

In  Merionethshire  we  meet  with  other  rocks,  particularly  of 
porphyritic  trap,  composed  chiefly  of  feldspar,  which  are  similar 
in  composition  to  many  ancient  rocks  of  igneous  origin,  in  the 
South  of  France.  (See  Chap.  IX.  with  a  reference  to  Cader 
Idris,  p.  153.)  Granite  occasionally  makes  its  appearance  at  the 
feet  of  some  of  the  Welsh  mountains ;  and  on  the  western  side  of 
the  Isle  of  Anglesea,  there  are  rocks  of  serpentine,  talcous  slate, 
and  mica-slate. 

Snowdon  in  Caernarvonshire,  and  other  mountains  in  its  vicin- 
ity, rise  from  three  thousand  four  hundred,  to  three  thousand  five 
hundred  and  seventy  feet  above  the  level  of  the  sea,  or  above 
three  hundred  feet  higher  than  any  of  the  mountains  in  Cumber- 
land. A  magnificent  view  of  that  part  of  the  Cambrian  range 
which  extends  through  Caernarvonshire,  is  seen  from  the  south- 
ern point  of  the  Isle  of  Anglesea,  on  the  entrance  of  the  Menai : 
here  the  whole  of  the  Snowdonian  mountains  may  be  comprised 
in  one  view,  from  Penmanmaur  on  the  northern  coast,  to  the 
conical  mountains  called  the  Rivals,  on  the  furthest  southern  ex- 
tremity of  the  county,  Snowdon  rising  immediately  in  the  midst 
of  this  range. 

In  the  counties  of  Flint  and  Denbigh,  there  is  a  large  forma- 
tion of  mountain  or  transition  limestone,  resting  upon  thick  beds 
of  conglomerate,  which  occupy  the  same  relative  position  as  the 
red  sandstone  in  Monmouthshire ;  thus  separating  the  mountain 
limestone  from  the  slate  rocks.  The  limestone  mountains  of 
Denbigh  and  Flintshire  contain  rich  mines  of  lead  ore.  On  the 
north  and  east,  the  feet  of  these  mountains  are  covered  with  coal 
strata.  Roof  slate  of  a  good  quality,  and  ores  of  lead  and  zinc, 
form  the  principal  mineral  treasures  of  the  Cambrian  range,; — 
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except  coal,  which  will  be  afterwards  noticed.  Some  of  the 
slate  rocks  contain  mines  of  copper  ore ;  and  the  Paris  mine,  *m 
the  Isle  of  Anglesea,  was  formerly  the  most  productive  copper 
mine  in  Great  Britain  ;  but  it  is  now  nearly  exhausted.  For  an 
account  of  the  serpentine  in  the  Isle  of  Anglesea,  see  pages  87, 
88. 

Crossing  the  plains  of  Cheshire  and  the  lower  part  of  Lanca- 
shire, we  come  upon  the  transition  limestone  of  the  northern 
range.  Near  Clithero,  in  the  latter  county,  where  the  beds  are 
much  contorted,  this  limestone  is  fully  developed  in  the  northern 
range,  and  extends  with  little  interruption  from  Clithero,  through 
Craven  in  Yorkshire,  and  the  western  parts  of  Durham  and 
Northumberland,  and  thence  into  Westmoreland  and  Cumber- 
land. The  numerous  beds  of  this  limestone  alternate  with  gray- 
wacke  slate,  and  what  may  properly  be  called  graywacke  sand- 
stone. The  lowest  bed  generally  rests  on  slate,  but  sometimes  a 
bed  of  red  sandstone  or  conglomerate  is  interposed.  The  slate 
lies  conformably  with  the  limestone ;  but  being  divided  into  thick 
plates,  which  are  nearly  vertical,  they  have  frequently  been  de- 
scribed as  vertical  strata,  supporting  nearly  horizontal  strata  of 
limestone.  Their  true  position  is  represented  in  Plate  3.  fig.  1. 
d.  d.  The  mountain  or  transition  limestone  of  these  counties, 
forms  the  base  of  many  lofty  mountains,  that  are  capped  with 
the  lower  strata  of  the  coal  formation. 

Ingleborough  Hill  in  Yorkshire,  and  Cross  Fell  in  Cumberland, 
present  a  complete  exhibition  of  the  structure  of  the  calcareous 
mountains  of  this  range.  This  will  be  better  understood  by  a 
reference  to  Plate  7.  fig.  1.  which  is  a  section  of  England,  from 
the  German  Ocean  to  the  Irish  Channel,  through  the  counties  of 
Durham  and  Cumberland. 

The  magnesian  limestone  b,  rises  above  the  German  Ocean  a, 
and  covers  the  eastern  border  of  the  great  coal-field  of  this  dis- 
trict. The  coal  strata  c  c,  are  represented  dipping  eastward  ; 
they  are  in  some  parts  deranged  by  dykes  of  basalt,  one  of  which, 
the  Burtreeford  dyke,  throws  up  the  strata  one  hundred  and 
eighty  yards.    As  we  advance  towards  the  summit  of  Cross  FeU, 
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o,  we  pass  over  the  lower  beds  of  the  coal  formation ;  they  ter- 
minate on  the  summit  of  this  mountain,  which  is  capped  with  a 
bed  of  coaL  The  middle  and  lower  parts  of  the  Cross  Fell  are 
composed  of  beds  of  transition  limestone,  d  d,  alternating  with 
graTwacke  and  sandstone,  which  rest  at  its  base  on  slate,  e. 
The  slate  is  continued  westward,  till  it  is  interrupted  by  nearly 
vertical  beds  of  trap  and  sienite.  In  the  Vale  of  Eden,  the  sub- 
jacent rocks  are  covered  by  beds  of  conglomerate,  or  of  red  sand- 
stone, F,  of  which  the  hill  called  Penrith  Beacon,  4,  is  composed. 
The  lofty  mountains  that  surround  the  lakes  of  Cumberland  and 
Westmoreland,  are  skirted  by  beds  of  lower  transition  limestone, 
H.  The  highest  mountains  of  this  group  are  Helvellyn  3,  Skid- 
daw  3,  Sea  Fell  1.  On  the  western  border  of  this  group  we  meet 
with  transition  limestone,  and  siliceous  sandstone  dipping  west- 
ward ;  then  succeeds  the  coal  strata  of  Whitehaven,  c,  which 
dip  beneath  the  sea,  and  are  in  some  parts  covered  with  magne- 
flian  limestone,  b. 

To  return  to  Cross  Fell.  The  transition  limestone,  beside  be- 
ing divided  into  numerous  beds,  by  beds  of  graywacke  and  sand- 
atone,  has  also  irregular  beds  of  basalt  interposed  between  the 
strata.  The  most  considerable  of  these  beds  is  called  the  Great 
'  Whin  Sile ;  it  is  in  some  parts  sixty  yards  thick.  Masses  of  co- 
lumnar basalt  also  occur  on  the  surface.  According  to  the  ac- 
count of  die  strata  of  this  country,  given  by  Mr.  Westgarth  Fors- 
ter,  the  total  number  of  beds  of  limestone  is  eighteen,  and  their 
total  average  thickness  about  one  hundred  and  fifty  yards.  The 
basaltic  dykes  of  this  district  have  been  noticed  in  Chap.  IX.  In 
Derbyshire  and  Wales,  the  beds  of  transition  limestone  are  fewer 
and  thicker,  than  those  of  Durham  and  Northumberland.  Cross 
Fell  is  the  highest  calcareous  mountain  in  Great  Britain,  rising 
two  thousand  nine  hundred  feet  above  the  level  of  the  sea.  From 
its  summit,  both  the  Irish  Sea  and  the  German  Ocean  may  be 


The  Alpine  mountains  surrounding  the  lakes  are  composed 
chiefly  of  slate,  containing  beds  of  good  roof  slate,  graywacke, 
flint  slate,  porphyritic  feldspar,  and  sienite.    Granite  ocean  in 
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some  parts  of  the  group,  particularly  near  Shap,  and  at  Cddbedi 
Fell,  under  Skiddaw,  and  in  the  mountains  on  the  west  side  of 
Wast  Water.  The  mountains  of  this  group  bear  a  striking  simi- 
larity of  composition  to  those  of  North  Wales,  and  like  tbem  con- 
tain rocks  of  porphyry,  which  appear  nearly  allied  to  ancient  vol- 
canic rocks.  In  some  situations  they  assume  a  columnar  stme- 
ture.  The  most  remarkable  of  those  rocks  are  described  pages 
144  and  145. 

There  are  in  some  of  these  mountains,  beds  of  red  unctuooi 
ferruginous  clay  and  iron-stone.  In  one  of  these  beds,  above 
Seathwaitc  in  Borrowdalc,  is  found  the  justly  celebrated  black- 
lead,  or  graphite,  which  is  the  best  that  has  hitherto  been  discov- 
ered. It  occurs  in  irregular  nodules,  intermixed  with  green  earth, 
quartz,  and  calcareous  spar.  I  was  informed  at  the  mine,  that 
the  smaller  pieces  sell  for  seventy  pounds  per  ton,  and  the  larger 
for  forty  shillings  per  pound ;  and  that  black-lead  to  the  value  of 
one  thousand  pounds,  had  been  obtained  in  one  day.  The  bed 
above  the  ferruginous  bed  containing  the  black-lead,  is  composed 
of  gray  porphyritic  felspar;  the  bed  under  it,  approaches  to  a 
green  slate  (clay-slate.)  The  black-lead  occupies  what  is  called 
a  vein,  on  the  lower  side  of  the  ferruginous  bed :  it  is  generalljr 
narrow,  but  opens  out  into  wider  spaces,  filled  with  this  valuable 
mineral.  The  same  bed  of  ferruginous  clay,  I  have  ascertained, 
ranges  through  the  adjacent  manors,  where  it  is  probable  black- 
lead  might  also  be  found,  were  proper  search  made  for  it. 

The  highest  mountains  of  Cumberland,  Westmoreland,  and 
Craven  in  Yorkshire,  rise  about  three  thousand  feet  above  the 
level  of  the  sea.  Snow  remains  on  their  summits  and  northern 
declivities  to  the  middle  of  June,  and  in  some  instances  has  con- 
tinued the  whole  year. 

A  branch  from  the  Northern  range  extends  into  Derbyshire 
and  the  north  part  of  Staffordshire,  the  transition  or  mountain 
limestone  of  Yorkshire  being  continued  into  those  counties ;  but 
the  continuation  is  apparently  interrupted  by  the  lower  beds  of 
the  coal  formation,  that  cover  it  from  Skipton  to  near  Castleton. 
The  limestone  of  Derbyshire  is  divided  into  four  beds,  by  inter- 
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vening  beds  of  basaltic  amygdaloid ;  in  all  its  characters  it  re- 
fiemblei  tbe  transition  limestone  in  other  parts  of  the  Northern 
rangOi,  and  is  described  p.  101,  156.  The  transition  limestone  of 
the  Northern  range  is  rich  in  ores  of  lead  and  zinc. 

The  middle  district  of  England,  (coloured  green  in  the  map,) 
is  comprised  between  the  Alpine  district  on  the  west,  and  the  Up- 
per Calcareous  district  (coloured  yellow)  on  the  east.  In  this 
district,  all  the  principal  coal-fields  of  England  and  Wales  are 
situated.  The  strata  of  the  middle  district  are  those  described 
as  the  lower  secondary  strata,  Chap.  IX.  They  are  principally 
siliceous  and  argillaceous,  and  the  fossil  remains  are  chiefly  vege- 
table. Few  beds  of  limestone  occur  in  this  division.  The  gene- 
ral dip  of  the  strata  in  the  northern  and  midland  counties,  east 
of  the  line  c  c  c,  is  to  the  east  or  the  south-east,  and  they  dip  un- 
der the  calcareous  strata  a  a.  The  latter  cover  their  eastern 
border  unconformably,  as  represented  Plate  7,  fig.  1.  b.  and  Plate 
1.  fig.  3.  The  more  western  and  southern  parts  of  the  division 
(coloured  green)  are  frequently  covered  by  extensive  beds  of 
gravel,  and  by  red  marie  and  sandstone;  and  in  some  parts  of 
this  division  primary  and  transition  rocks  rise  to  the  surface,  as  at 
Chamwood  Forest  in  Leicestershire,  and  the  Malvern  Hills  in 
Worcestershire. 

Beginning  from  the  north,  strata  of  the  coal  formation  extend 
on  the  eastern  side  of  Northumberland  and  Durham,  from 
Berwick-on-Tweed,  to  the  river  Tees ;  but  fi-om  thence  to  the 
river  Air  (near  Leeds),  only  the  lowest  beds  of  the  coal  formation 
occur,  which  contain  but  little  workable  coal.  The  Yorkshire 
and  Derbyshire  coal-field  commences  a  little  north  of  Leeds,  and 
extends  in  breadth  east  and  west  about  twenty-five  miles,  from 
Halifax  to  Abberford,  and  in  length  about  seventy  miles,  firom 
Leeds  to  near  Nottingham  and  Derby.  The  breadth  decreases 
southward,  being  little  more  than  twelve  miles  in  Derbyshire. 

South-west  of  Derbyshire  there  are  a  few  small  coal-fields  near 
Ashby-de-la-Zouch,  and  near  Tamworth,  Atherstone,  and  Cov- 
entry. The  latter  coal-field  is  the  most  southern  situation  in 
which  mineral  coal  has  been  discovered  in  the  midland  counties. 
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On  the  north-west  side  of  England,  there  is  a  einall  coal-field 
bordering  the  sea  in  Cumberland,  which  extends  from  Whiteht- 
ven,  to  the  north  of  Maryport  This  coal-field,  though  small  in 
extent,  contains  seven  beds  of  excellent  workable  coaL  From 
its  contiguity  to  the  sea,  and  its  remoteness  from  other  coal- 
fields, it  may  be  considered,  in  proportion  to  its  extent,  as  one  of 
the  most  valuable  coal  districts  in  England.  In  one  mine,  the 
coal  is  wrought  at  the  depth  of  two  hundred  and  n]nety*^ght 
yards.  The  workings  of  some  mines  have  been  extended  under 
the  sea.  The  next  considerable  coal-field  is  that  of  Lancashire: 
it  is  separated  from  the  Yorkshire  coal-field  by  a  range  of  lofty 
hills,  on  the  borders  of  the  two  counties,  extending  on  the  west 
side  of  Colne,  to  Blackstone  Edge,  and  from  thence  to  Axe 
Edge,  on  the  border  of  Derbjrshire.  These  hills  are  composed 
principally  of  millstone  grit  and  shale,  but  are  not  covered  by  cotl 
strata.  On  the  western  side  of  these  hills,  the  coal  strata  of  the 
Lancashire  coal-field  commence,  dipping  westward;  bat  they 
are  broken  and  deranged  by  numerous  faults.  The  principal 
beds  of  coal  are, — one  of  six  feet  in  thickness,  and  a  lower  one 
called  the  three-quarter  bed.  In  some  parts  the  sandstone  strata 
arc  of  a  deep  red  colour.  The  breadth  of  this  coal-field  from 
Macclesfield  to  Oldham,  does  not  exceed  five  or  six  miles ;  bat 
from  Oldham,  it  extends  westward  to  Prescot  near  Liverpool, 
and  from  Prescot  it  extends  in  a  north-east  direction  to  Coloe. 

Not  far  from  the  southern  extremity  of  the  Lancashire  coal- 
field, there  is  a  small  but  valuable  coal  district,  which  supplies 
the  potteries  near  Newcastle  in  Staffordshire ;  this  may  be  prop- 
erly considered  as  an  extension  of  the  Lancashire  coal-field. 
The  next  iniportant  coal-field  is  that  of  Dudley  and  Wolver- 
hampton ;  it  is  about  twenty  miles  in  length,  and  varies  in  width 
from  four  to  seven  miles.  It  contains  the  thickest  bed  of  coal  ia 
Great  Britain.  (See  page  1 15.)  There  is  a  narrow  coal-field  on 
the  north  eastern  border  of  Wales,  extending  from  Mostyn  in 
Flintshire,  to  Chirk  in  Denbighshire.  There  are  also  a  few 
smaller  coal-fields  on  the  north  eastern  side  of  Herefordshire, 
which  extend  into  Shropshire.    The  Clee  Hills  near  Ludlow 
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contaiD,  on  their  sides,  two  or  three  small  detached  coal  basins. 
The  sumoiits  of  these  lofty  hills  are  capped  with  basalt. 

The  coal  basin  of  tho  Forest  of  Dean,  is  the  next  considera- 
ble repository  of  coal :  it  presents  perhaps  the  most  perfect  mod- 
el of  a  coal  basin,  of  any  in  Great  Britain ;  the  coal  strata  occupy 
a  space  of  about  ten  miles  in  length,  and  six  in  breadth :  the 
miUstooe  grit,  and  the  transition  limestone,  on  which  they  lie, 
may  be  distinctly  observed  cropping  out  on  its  northern  and  west- 
ern boundary. 

In  Somersetshire  and  Gloucestershire,  there  is  a  considerable 
coal-field  on  each  side  of  the  river  Avon ;  its  greatest  extent  is 
about  twenty  miles,  and  its  greatest  ascertained  breadth  about 
eleven  miles ;  but  it  is  covered  in  many  parts  by  the  upper  second- 
ary strata,  consisting  of  red  marie  and  lias.  The  deepest  coal 
mine  in  England  is  in  this  coal-field ;  the  depth  of  the  pit  at  Red 
Stock  near  Bath  being  four  hundred  and  nine  yards. 

The  greatest  repository  of  coal  in  our  island,  is  that  which  ex- 
tends on  the  northern  side  of  the  Bristol  Channel,  one  hundred 
miles  in  length,  and  varying  in  breadth  from  five  to  twenty  miles. 
It  has  been  already  noticed.  Chap.  VIII,  pages  113  and  135. 

A  considerable  part  of  the  middle  district,  (coloured  green  in 
the  map,)  which  is  not  occupied  by  the  coal  formations  above 
enumerated,  is  covered  by  the  red  marie  and  sandstone  descri- 
bed in  Chap.  IX.  As  the  sandstone  of  this  formation  often  cov- 
ers the  coal  strata,  it  becomes  an  object  of  great  interest  to 
landed  proprietors,  in  the  midland  counties,  who  have  estates  at 
no  great  distance  from  the  coal  districts,  to  ascertain  whether 
coal  may  not  extend  under  the  red  marie  and  sandstone.  Some 
observations  on  this  subject  are  given,  (pages  129  and  130,) 
which  the  author  is  persuaded  deserve  the  attention  of  landed 
proprietors.  The  search  for  coal  under  the  red  marie  and  sand- 
stone in  Somersetshire,  has  been  eminently  successfiil ;  and  coal 
has  in  some  instances  been  found,  by  sinking  through  both  lias 
and  red  sandstone. 

The  principal  repositories  of  rock  salt,  and  tho  strongest 
springs  of  brine,  are  situated  in  the  red  marie  of  Cheshire,  and 
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near  Droitwich  in  Worcestershire.  (See  pages  183  and  185.)  la 
this  formation,  the  principal  beds  of  gypsum  are  found :  it  is  fre- 
quently associated  with  rock  salt  (See  Chap.  XI.) 

One  of  the  most  remarkable  features  of  the  middle  district,  is 
the  occasional  occurrence  of  considerable  rocks  of  granite,  slate, 
and  sienite,  belonging  to  the  class  of  primary  or  transition  rocks; 
they  rise  through  the  secondary  strata,  and  appear,  from  various 
circumstances,  to  have  once  occupied  a  considerable  portion  of 
the  midland  counties,  extending  from  Leicestershire  to  Warwick- 
shire, Worcestershire,  Gloucestershire,  Somersetshire,  and  Dev- 
onshire. The  rocks  of  porphyry,  sienite,  and  granite  in  this  dis- 
trict, like  many  similar  rocks  that  have  been  observed  in  other 
parts  of  the  world,  appear  to  be  closely  associated  with,  and  to 
pass  into  rocks  of  the  trap  formation,  allied  to  basalt  and  volca- 
nic rocks.  (See  an  instance  of  the  passage  of  granite  into  basalt, 
page  142.)  The  Charnwood  Forest  hills  in  Leicestershire,  ex- 
tend about  ten  miles  from  S.E.  to  N.W.  rising  from  six  to  eight 
hundred  feet  above  the  circumjacent  country ;  they  represent  in 
miniature  the  mountains  of  North  Wales,  and  those  in  the  vicin* 
ity  of  the  Lakes.  They  are  composed  principally  of  flinty  slate, 
roof-slate,  porphyritic  trap,  porphyritic  greenstone,  sienite,  and 
granite.  No  organic  remains  have  been  observed  in  any  of  the 
Forest  rocks,  nor  in  the  slate  quarries  which  have  been  extensive- 
ly worked  for  many  years.  Veins  of  white  quartz  containing 
chlorite  intersect  these  hills,  particularly  in  that  part  between 
Bardon  Hill  and  the  town  of  Whitwick.  No  appearance  of  any 
metallic  substance  occurs  in  these  veins,*  nor  is  pyrites  found  in 
any  of  the  rocks  which  I  examined :  a  rock  containing  a  great 
quantity  of  yellow  mica,  at  a  place  called  Basil  Wood,  is  an  im- 
perfect mica-slate,  passing  into  gneiss.  The  roof-slate  is  confined 
principally  to  the  eastern  side ;  and  on  this  side  the  beds  are 
more  regular,  and  rise  at  a  very  elevated  angle  to  the  south-west. 
The  slaty  cleavage  of  the  stone  is  nearly  at  right  angles  with  the 
direction  of  the  beds.    All  the  rocks  of  this  district,  except  the 
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**  Except  a  few  spangles  of  micaceous  iron  ore. 
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porphyrilic  rocks  on  the  west  side,  have  a  tendency  to  assume 
pyramidal  forms;  and  the  stone  divides  into  trapezoids  with 
smooth  faces,  by  which  they  may  be  distinguished  at  a  distance^ 
from  any  other  stones  in  that  part  of  England. 

The  changes  by  which  the  different  kinds  of  rock  pass  into 
each  other,  are  similar  to  those  described  by  D'Aubuisson  in  the 
department  of  La  Doire.*  In  the  same  rock,  the  upper  bed  will 
sometimes  be  porphyritic  and  the  next  compact ;  and  sometimes 
from  the  same  bed,  small  specimens  might  be  broken,  which  will 
present  the  two  characters  on  the  opposite  sides.  The  large- 
grained  sienite  of  one  rock,  becomes  smaller-grained  in  another; 
and  in  the  adjoining  rock  it  will  be  porphyritic,  and  pass  by  gra- 
dation into  flinty  slate  with  small  crystals  of  felspar. 

Veins  of  dark  and  nearly  compact  greenstone,  intersect  the 
Monite  at  Mount  Soar  Hill.  The  sides  of  the  vein  are  intermixed, 
and  closely  united  with  the  rock. 

The  granitic  rocks  of  Mount  Sorrel  are  separated  from  the 
slate  rocks  by  a  plain,  called  Rokeby  plain,  which  prevents  their 
junction  from  being  traced  on  this  side  ;  they  have  a  lower  ele- 
vation than  the  slate,  which  is  inclined,  as  if  it  rose  from  under 
them.  Bardon  Hill  is  composed  of  sienitic  porphyry  ;  Beacon 
Hill  is  composed  of  flinty  slate,  and  porphyry  slate  containing 
crystals  of  felspar.  These  are  the  two  highest  hills  in  the  Forest. 
The  gradations  from  sienite  to  porphyry  slate  and  flinty  slate,  are 
frequent  on  the  western  side  of  the  Forest.  The  only  mineral 
substances  obtained  from  these  hills  is  roof-slate,  paving-stones, 
and  a  species  of  whetstone  or  hone ;  this  is  not  found  in  a  regu- 
lar bed,  but  in  fragments  under  the  soil.  The  beautiful  green 
and  red  sienite  at  Markfield  Knowl  might  be  employed  for  dura- 
ble ornamental  architecture ;  large  pyramidal  blocks  are  scatter- 


*<  h%  paMage  d'une  de  ces  vari6t&8  de  roche  k  Tautre,  provenant  de  la  difference 
dani  Im  proportions  dei  principes,  est  aussi  brusque  qu'il  est  frequent  Dans  le 
difCanee  de  qoelques  pas  on  voit  tantdt  un  schiste  presque  entiirement  form6  de  feld- 
spedi,  tantdt  tr^  abondant  en  quartz,  tantdt,  form6  de  talc  presque  pur."— Jbumol 
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td  over  the  hill ;  and  were  a  quarry  opened  near  the  sumoiit, 
the  stone  might  probably  be  raised  in  large  masses  at  a  smaB 
expense. 

The  porphyritic  rocks  near  Whitwick,  particularly  one  called 
Sbarpless,  are  composed  of  a  dark  porplish  gray  compact  por- 
phyry slate ;  it  contains  numerous  crystals  of  quartz,  and  some 
knperfect  garnets.  The  rocks  on  this  side  of  the  Forest  are  sin- 
gularly shattered)  and  present  deep  perpendicular  fissures,  io 
some  instances  covered  by  transverse  stones  of  immense  siie ; 
they  form  piles  of  shapeless  ruins,  showing  the  devastation  of  the 
elements,  and  the  effects  of  all-destroying  time. 

I  have  been  more  minute  in  the  description  of  this  part  of  Eng- 
land than  may  appear  consistent  with  the  mere  outline  of  its  geol* 
ogy,  which  I  proposed  to  give ;  but  so  little  was  known  respect- 
log  the  mineralogy  of  these  hills,  though  in  the  centre  of  the  isl- 
and, that  I  trust  I  shall  be  excused  for  this  deviation.  The  coun- 
try presents  few  scenes  to  allure  the  picturesque  traveller,  and  the 
surface  is  now  nearly  concealed  by  plantations  and  inclosures. 
The  observations  were  made  during  a  mineralogical  examination 
of  some  of  the  manors  on  the  Forest,  for  the  late  Marquis  of  Has- 
tings in  1 8 1 3. 

But  it  is  the  relation  of  these  hills  with  the  surrounding  strata, 
that  is  most  interesting  to  the  geologist.  On  the  northern  side, 
at  Grace  Dieu,  are  strata  of  transition  limestone,  which  rise  gendy 
to  the  Forest  hills,  and  are  connected  with  a  series  of  rocks  of  the 
same  formation,  passing  in  a  northerly  direction  by  Ticknall  and 
Breedon,  and  evidently  connecting  this  limestone  with  that  of 
Derbyshire.  A  little  north  of  this,  there  are  coal  strata  rising  at 
an  elevated  angle,  not  more  than  800  yards  distant  from  the  For- 
est rocks.  On  the  north-west  side  of  the  range,  there  are  thick 
beds  of  conglomerate,  evidently  formed  of  fragments  of  the  Forest 
rocks :  these  conglomerate  beds  extend  far  northward.  Between 
the  elevated  coal  strata,  and  the  Forest  rocks,  there  are  horizon- 
tal strata  of  the  red  roarle  and  sandstone  formation.  The  same 
sandstone  covers  the  nearly  vertical  beds  of  slate  at  the  Swith- 
land  quarries,  and  extends  on  the  eastern  side  of  the  range,  where 
it  is  covered  with  lias  limestone. 
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The  relative  position  of  these  diiFerent  formations  will  be  bet- 
ter understood  by  referring  to  Plate  2.  fig.  4.  6  b.  rocks  of  granite, 
sienite,  and  porphyry  ;  c  c.  slate  rocks ;  d  d.  coal  strata  rising  to- 
wards the  Forest  rocks ;  aaa.  nearly  horizontal  strata  of  sand- 
stone, covering  part  of  the  Forest  rocks ;  e,  lias  covering  the 
sandstone.  This  section  is  not  taken  through  the  highest  part  oJT 
the  range,  but  leaves  Bardon  Hill  and  Beacon  Hill  to  the  left. 
This  arrangement  of  the  strata,  proves  that  the  beds  of  sand- 
stone, aaUn  were  deposited  after  the  elevation  of  the  beds  of 
granite  and  slate,  (See  pages  166  to  168.  Chap.  X.)  where  it  is 
inferred  that  the  granite  of  this  range  is  more  ancient  than  the 
granite  of  the  Alps.  Taking  Charnwood  Forest  as  a  station, 
from  whence  we  would  examine  the  geology  of  the  central  parts 
of  England,  we  find  no  rocks  on  the  northern  side,  in  Derbyshire, 
Nottinghamshire,  or  Yorkshire,  which  can  claim  relationship  with 
those  of  the  Charnwood  range,  except  it  be  the  basalt  of  Derby- 
shire.. The  sienite  and  porphyritic  trap-rocks  on  Charnwood 
Forest,  sometimes  approximate  in  appearance  to  basalt ;  and  it 
is  not  improbable  that  future  observations  may  establish  a  close 
connection  between  these  rocks.  The  transition  limestone, 
which  approaches  the  Charnwood  Forest  hills  on  this  side,  is  a 
continuation  of  that  of  Derbyshire.  Turning  to  the  south-west, 
we  find  rocks  of  the  Charnwood  Forest  range  appearing  above 
the  surface,  on  the  road  to  Hinckley ;  and  it  can  scarcely  be 
doubted,  that  the  green-stone  and  trap  and  quartz  rock,  near 
Atherstone  and  Nuneaton,  are  a  part  of  the  same  range  :  they 
are  identical  in  composition,  and  divide  into  the  same  trapezoidal 
fragments.  From  Nuneaton  to  Dudley  and  Bromsgrove  Lickey, 
on  the  west  of  Birmingham,  the  surface  is  covered  with  the  red 
sandstone ;  and  no  accurate  search  has  been  made  to  ascertain, 
whether  any  basaltic  or  granitic  rocks  appear  in  situ.  At  Broms- 
grove Lickey,  quartz-rock  makes  its  appearance  ;  and  near  Dud- 
ley, there  are  beds  of  transition  limestone  and  basaltic  rocks, 
which  may  probably  be  connected  with  those  of  Nuneaton. 

The  geology  of  the  country  round  Dudley  is  too  remarkable  to 
be  overlooked;  it  has  been  slightly  noticed  p.  100.    The  strata 
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of  traDsition  limestone  have  here  been  subjected  to  a  diaturbing 
force,  which  has  not  only  elevated  them,  but  folded  them  round 
one  of  the  hills,  as  if  they  had  once  been  in  a  soft  and  flexible 
state ;  and  the  occurrence  of  basaltic  rocks  in  the  Ticinity,  seems 
to  indicate  the  agent  by  which  this  had  been  effected.  (See  Plate 
3.  fig.  4.)  a,  6,  two  beds  of  transition  limestone ;  the  thickness  of 
the  outer  is  ten,  and  of  the  inner  bed  fourteen  yards.  In  the  bfll 
A  on  the  right,  called  Wren's  Nest  Hill,  the  strata  are  foMed 
round  the  hill,  as  represented  in  the  small  compartment  e,  which 
is  a  ground  plan.  The  beds  of  the  same  limestone  at  Dudley 
Castle  Hill,  b,  are  raised  on  each  side  of  the  hill,  dipping  in  con- 
trary directions.  The  great  bed  of  Staffordshire  coal,  crops  out 
at  c,  between  Wren's  Nest  Hill,  and  Dudley  Castle  Hill.  A  hill 
capped  with  basalt  is  represented  at  d.  The  limestone  is  so 
nearly  vertical  at  Wren's  Nest  Hill,  that  it  is  worked  by  horizon- 
tal shafts. 

Proceeding  westward  firom  Bromsgrove  Lickey  into  Worcet- 
tershire,  the  first  granitic  rocks  we  meet  with,  are  those  of  the 
Malvern  Hills.  These  hills  extend  for  about  ten  miles  from  north 
to  south ;  they  rise  above  the  level  vale  of  the  Severn,  fi'om  elev- 
en to  fourteen  hundred  feet,  and  form  a  conspicuous  feature  in 
the  geology  of  the  western  counties.  These  granitic  rocks  are 
composed  principally  of  red  felspar,  and  greenish  hornblende,  in- 
termixed with  quartz,  mica,  and  epidote.  In  some  parts,  the 
hornblende  prevails,  and  the  rock  passes  to  greenstone,  resem- 
bling that  of  the  trap  formation.  These  rocks  are  rapidly  disin- 
tegrating, and  form  a  red  soil.  On  the  eastern  side  at  the  bot- 
tom, they  are  covered  by  red  marie,  which  appears  formed  of  the 
decomposed  materials  of  these  hills :  on  the  western  side,  thej 
are  partly  covered  by  transition  limestone.  The  limestone  in 
some  parts,  dips  towards  the  granitic  rocks,  as  if  it  passed  under 
them.  An  experiment  well  deserves  to  be  made,  in  order  to  as- 
certain the  relative  position  of  the  limestone  and  granite  in  this 
place :  it  is  not  impossible,  that  the  granite  of  the  Malvern  HiDs, 
like  that  of  Christiania  in  Norway,  may  cover  transition  lime- 
stone. 
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To  the  touth-west  of  the  Malvern  Hills,  we  find  trap-rocks 
ranging  from  Berkley  towards  Bristol.  One  of  these  rocks  at 
Woodford  Bridge,  has  been  described  p.  155.  The  surface  of 
the  land  between  Bristol  and  Bridgewater  is  much  broken  by  the 
sea ;  but  in  that  direction,  on  the  north  of  Exeter,  there  are  rocks . 
called  dunstone,  and  greenstone,  of  the  trap  formation ;  and  from 
Exeter  to  Torbay,  we  meet  with  various  groups  of  rock,  of  a  sim- 
ilar formation.  It  well  deserves  attention,  that  all  these  rocks 
which  have  been  described  from  Charnwood  Forest  to  Torbay, 
are,  with  the  exception  of  those  of  Dudley,  partly  surrounded  by 
red  marie  and  sandstone,  which  appears  in  a  great  measure  form- 
ed of  their  decomposed  materials.  I  observed  a  similar  connec- 
tion between  red  marie  and  granite,  near  Rouvray  in  France. 
(Seepages  181,  189.)  The  part  of  England  extending  from 
Gloucester  to  Lancaster,  which  is  represented  in  Mr.  Green- 
oughts  map,  as  covered  by  red  marie  and  sandstone,  will  proba- 
bly be  found  on  more  minute  investigation,  to  contain  in  various 
parts,  beside  the  red  marie,  other  formations.  The  red  sand- 
stone of  Lancashire  and  Cheshire,  often  bears  a  different  relation 
to  the  coal  strata  from  that  on  the  eastern  side  of  England  :  it 
cuts  off  the  coal  like  a  wall  of  basalt 

The  upper  calcareous  district  on  the  eastern  side  of  England, 
(bounded  by  the  line  a  a  a,  and  coloured  yellow  in  the  map,) 
comprises  all  the  upper  secondary  strata,  except  the  red  morle 
and  sandstone,  called  by  English  geologists  the  new  red  sand- 
stone. It  has  been  before  observed,  that  no  beds  of  good  mine- 
ral coal,  nor  any  workable  veins  of  metallic  ore,  are  found  east 
of  the  line  a  a  a  in  any  part  of  England.  The  eastern  boundaiy 
of  this  district,  from  the  mouth  of  the  Tyne  to  Nottingham,  is 
composed  of  strata  of  magnesian  limestone,  described  pages 
1 76,  1 77.  They  form  low  ranges  of  hills,  bordering  the  coal 
strata.  The  breadth  of  the  magnesian  limestone  on  the  surface, 
through  Yorkshire  and  Nottinghamshire,  seldom  exceeds  seven 
miles.  A  little  east  of  Nottingham,  the  lias  limestone  (which  ex- 
tends in  a  waving  line  from  the  Yorkshire  coast,  north  of  Gains- 
borough) approaches  the  termination  of  the  magnesian  lime- 
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stone,  and  is  continued  along  the  line  a  a  a  firom  NotUnghim- 
shire  through  Leicestershire,  Warwickshire,  to  near  Tewksburj; 
from  thence  it  runs  on  the  southern  side  of  the  SeTem  to  Glci- 
cester.  From  the  vale  of  Severn,  it  is  continued  through  Someh 
setshire  and  Dorsetshire,  to  Lyme  (in  the  latter  coonty,)  where  it 
IS  terminated  by  the  sea.  At  its  two  extremities,  on  the  York- 
dkire  coast  and  the  coast  of  Dorsetshire,  it  forms  lofty  c&flly 
which  are  remarkable  For  the  variety  of  their  fossils :  the  clifi  of 
Dorsetrfiire  have  furnished  the  most  perfect  skeletons  of  saoriaB 
animals  that  have  yet  been  discovered.  The  lias,  in  its  coorse 
from  Yorkshire  to  Dorsetshire,  rarely  attains  the  elevatioaof  twe 
hundred  feet.  The  beds  of  lias  clay  and  limestone  are  the  best 
eharacterized  of  any  of  the  British  strata :  they  are  described  at 
some  length  Chap.  IX. 

In  passing  through  Somersetshire,  the  continuity  of  the  has  h 
sometimes  interrupted  by  intervening  strata  of  other  formations; 
but  from  Berkley  in  Gloucestershire,  to  Whitby  in  Yorkshire,  it' 
may  be  traced  without  any  interruption,  except  what  is  occa- 
sioned by  rivers  that  cut  through  it  The  average  breadth  of  the 
lias,  from  its  western  border,  where  the  red  marie  commences,  ts 
its  eastern  border  where  it  dips  under  the  yellow  limestone  or 
oolite,  varies  from  seven  to  ten  or  twelve  miles.  The  situations 
where  it  may  be  best  observed,  are  on  the  Dorsetshire  coast  oast 
and  west  of  Lyme,  and  at  Whitby  in  Yorkshire.  At  Aust  Pas- 
sage on  the  Severn,  it  may  be  seen  resting  immediately  on  red 
marie;  and  the  remarkable  stratum,  filled  with  the  bones  of  fidi 
and  saurian  animals,  may  be  traced  for  a  considerable  distanca 
Th^  sulphate  of  strontian,  which  is  a  rare  English  mineral,  ocean 
here  in  considerable  quantities  in  the  red  marie  under  the  li8& 
Westbury  Cliff,  where  the  bone  stratum  again  appears,  is  descri* 
bed  p.  24.  The  lias  limestone  is  quarried  in  various  parts  of  its 
course  for  water-setting  lime. 

A  range  of  lofty  hills,  composed  of  yellowish  limestone  of  the 
oolite  formation,  (see  Chap.  XI.)  extends  from  Dorsetshire  to 
the  north  of  Lincolnshire  ;  oolite  appears  again  on  the  Cleveland 
Hills  in  Yorkshire.    The  lower  beds  in  these  hills  rest  on  lias. 
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The  western  booodar?,  mM^mM 

of  the  lioe  a  a  a.     In  GlooeeaCenhiie  iIm  hihef  tlMi 

a  couaderable  eieration,  liug  900  feet  er 

oi  Sevein. 

Tbej  pfesent  their  sleep  adei  or  eKarpseBto  to  the 
in  Btanding  on  the  summit  of  this  rwige  ah9feihe  i«le  tif 
a  very  iateiefiting  inqoirT  ratordK 

beds  of  oolite  tenniiiate,  and  are  ao  vhae  feimd  em  the 
side  of  the  Serern,  or  ia  anr  part  of  Kagfaad  or  Walea.  to  iha 
west  of  the  line  a  a  a  :  the  Gas  abo 
of  the  SerefiL*     Hare  ike  beJg  if 
of  AtZZf ,  or  kate  tie  beds  of  lias  m  their  feet, 
fmriher  them  eA  presnAf    If  they  have  aot, 
6y  wJuA  camse  has  their  fmrthier  exieM 

Some  detached  hiDs  of  ooble  oecar  in  the 
have  evidently  been  once  continonai  vrith  the  Cntswold  fiMa ; 
hot  we  have  no  reason  to  beheve,  that  eiAer  the  aaite  «r 
Sas  hare  erer  extended  into  any  part  of  Eaglaad  wcacof  the 
of  Severn.    In  Ireland  and  in  the  Hebrides,  the 
make  their  appearance. 

The  beds  of  the  oofite  formation,  with  aameisied  beds  cif  d^ 
covers  considerable  part  of  doa 
amptonshire,  Rotlandshire,  and  the  easfteva  side  ef 
They  also  extend  into  the  east  nAng  of  IV 
at  the  Cleveknd  HiDs. 

The  oolite  formation  is  divided  into  the  lower,  the  awMe. 
the  opper  oolite; — the  Portland  stone  bekiop  to  the  apperr^^bl^ 
Between  the  middle  and  the  lower  <^*lfce,  tbste  is  a  bed  of  cIm 
called  Chmch  clay,  and  Oxford  cfa^ ;  it  it  in  soaie  parts  tvro 
hondred  feet  thick ;  many  of  its  fbsals  are  limiiar  to  thoM  m  the 
lias.  Cfanch  clay  covers  a  considerable  part  of  the  k>w  Vu^  ^ 
Himtingdonshire,  Bedfordshire,  Oxfordshire,  sad  may  be  U^fjhA 
soothward  throogh  Wiltshire.  (See  p.  30i.)  BetwiKO  the  op. 
per  and  the  middle  oolite,  there  is  also  another  thick  bed  of  cia* 
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called  Kimmeridge  clay.    (See  p.  203.)    For  a  more  fiiH  account 
of  the  oolite  formation,  see  Chap.  XII. 

The  animal  remains  in  the  various  beds,  from  the  magDesitn 
limestone  to  the  upper  oolite,  are  exclusively  marine,  with  the  re« 
markable  exception  at  Stonesfield,  (See  page  204 ;)  but  the  stra- 
ta between  the  upper  oolite,  and  thegreensand  below  chalk,  con- 
tain river  shells  and  bones  of  immense  animals  of  the  lizard  fami- 
ly, some  of  which  were  more  than  sixty  feet  in  length ;  and  from 
the  structure  of  their  teeth,  they  are  believed  to  have  been  herbi- 
vorous. The  strata  containing  remains  of  freshwater  animals, 
are  described  Chap.  XIII.  under  the  name  of  Purbeck  beds,  iron- 
fand,  and  weald  clay. 

A  bed  of  sand  and  sandstone  intermixed  with  green  particles, 
lies  under  chalk,  and  accompanies  it  throughout  the  southern  aod 
eastern  counties.  The  fossils  in  the  greensand  and  chalk  are 
marine.    (See  Chap.  XIII.) 

Greensand  and  chalk  extend  into  Devonshire,  where  they  oc- 
cur detached  from  the  great  chalk  formation,  which  begins  east 
of  Dorchester,  and  extends  through  part  of  Hampshire,  Wilt- 
shire, and  Sussex ;  and  through  Berkshire,  Buckinghamshire,  and 
Hertfordshire,  into  Cambridgeshire  and  SujSblk.    A  small  extent 
of  chalk  is  exposed  on  the  north  coast  of  Norfolk,  and  it  passes 
through  the  middle  of  Lincolnshire,  on  the  eastern  side  of  York- 
shire, to  Flamborough  Head,  where  it  terminates.     (See  Chap. 
XIII.)    The  highest  elevation  which  chalk  attains,  is  at  Inkpen 
Beacon  in  Hampshire,  which  is  1011  feet  above  the  level  of  the 
sea.    The  remarkable  derangement  of  the  chalk  strata,  which 
has  thrown  the  beds  into  a  vertical  position  in  the  Isle  of  Wight 
(See  page  241,)  extends  also  through  the  Isle  of  Purbeck  in  Dor- 
setshire. 

The  chalk  in  the  southern  counties  of  England,  is  in  some  situ- 
ations covered  with  thick  beds  of  clay  and  sand,  which  belong  to 
the  tertiary  formation.  The  organic  remains  found  in  these  beds 
belong  to  different  species  from  those  in  the  chalk.  The  vale  of 
Thames,  between  the  chalk  hills  of  Surrey  on  the  south,  and  the 
chalk  hills  of  Hertfordshire  on  the  north,  is  covered  with  tertiary 
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beds.  (See  the  map,  fig.  2  3  2.)  The  upper  clay  has  been  call- 
ed the  London  clay ;  and  the  lower,  the  plastic  clay  :  the  lower 
clay  extends  westward,  beyond  the  limits  of  the  upper,  as  repre- 
sented in  the  map..  A  small  section  across  the  vale  of  Thames 
firom  north  to  south,  at  the  bottom  of  the  map,  will  convey  a  clear 
idea  of  the  relative  position  of  the  chalk,  the  plastic  clay,  and  the 
London  clay.  In  some  situations,  as  at  Hampstead  on  the  north 
of  London,  and  near  Cobham  on  the  south,  the  London  clay  ri- 
ses above  the  Vale,  to  the  height  of  300  feet,  and  is  covered  with 
a  stratum  of  marine  sand,  as  represented  at  dd.  in  the  section. 
Here  we  have  one  of  the  most  simple  cases  of  denudation. 
There  can  be  but  little  doubt,  that  these  caps  of  sand  were 
once  parts  of  one  continuous  stratum,  but  the  intervening  clay 
and  sand  have  been  subsequently  excavated  by  diluvial  agency. 
(See  Chap.  XIV.  page  327.)  Hampshire  and  the  Isle  of  Wight 
are  partly  covered  by  tertiary  strata,  as  represented  in  the  map, 
and  described  pages  241  to  243,  Chap.  XIV.,  where  a  more  full 
account  of  the  geology  of  this  part  of  England  is  given.  The 
erag  of  Norfolk  and  Suffolk,  which  belongs  to  the  tertiary  forma- 
tion, is  described  pages  237  and  238. 

A  considerable  part  of  the  counties  of  Norfolk,  CambriHge- 
shire,  and  the  eastern  side  of  Lincolnshire,  falls  within  the  divis- 
ion of  the  map  marked  111.  The  surface  is  fen  land  or  marsh- 
es, gained  from  the  sea  in  the  Wash  of  Cambridgeshire,  and  the 
fen  country  of  Lincolnshire  ;  but  a  great  part  of  Norfolk  is  cov- 
ered by  beds  of  gravel,  sand,  and  clay,  intermixed  with  fragments 
of  chalk.  Beds  of  flint-gravel,  and  fragments  of  ancient  rocks 
(it  has  been  before  observed)  are  widely  spread  over  the  midland 
counties,  but  could  not  be  introduced  into  the  map. 

There  is  a  subterranean  forest  beneath  a  part  of  Holdemess  in 
Yorkshire,  and  in  parts  of  Cambridgeshire  and  Lincolnshire, 
which  extends  eastward  into  the  German  Ocean  below  the  low- 
water  mark.  The  inland  subterranean  forest  is  also  below  the 
level  of  the  sea. 

A  similar  subterranean  forest  occurs  on  the  Lancashire  coast, 
north  of  Liverpool,  and  extends  into  the  Irish  Channel.    These 
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facts  prove,  that  a  considerable  change  has  taken  place  in  the 
relative  level  of  the  sea  and  land. 

A  subterranean  forest  on  the  Norfolk  coast  is  noticed  page 
239.  Mr.  Taylor,  who  has  examined  its  position,  says,  that  it 
rests  on  the  stratum  called  Norfolk  Crag,  and  is  covered  by  dila* 
vium :  he  is  inclined  to  refer  it  to  the  lignite  formations  of  the 
tertiary  strata.  If  this  can  be  ascertained,  the  Norfolk  subterra- 
nean forest,  and  the  same  forest  which  extends  into  Yorkshires 
must  be  regarded  as  being  of  antediluvian  origin.  But  these 
subterranean  forests  in  England,  deserve  more  attention  than 
they  have  hitherto  received  from  geologists ;  the  period  of  their 
growth,  and  the  causes  by  which  they  were  submerged,  are  at 
present  unknown.  A  similar  subterranean  forest  extends  into 
the  sea  on  the  coast  of  Flanders.  Have  these  forests  been  once 
united  atid  afterwards  separaied  by  a  subsidence^  which  formed 
the  bed  of  the  German  Ocean  F 

In  a  general  view  of  the  Geology  of  England,  the  thermal  wa- 
ters must  not  be  neglected.  The  warm  springs  in  Derbyshire  va- 
ry in  temperature  from  fifty-eight  to  eighty-two  degrees,  thou^ 
each  spring  preserves  the  same  degree  of  heat,  except  in  situa- 
tions where  the  waters  have  been  intermixed  with  those  near  the 
surface.  The  effects  of  internal  heat  appear  to  extend  under 
the  whole  district  that  contains  basaltic  amygdaloid  or  toad- 
stone  ;  for  the  rivers  of  this  county  are  rarely  frozen,  except  in 
still  situations,  and  when  the  thermometer  is  little  more  than  ten 
degrees  above  zero.  A  very  sensible  degree  of  warmth  may  be 
perceived  in  the  water  of  the  Crumford  canal,  between  Matlock 
and  Crich ;  and  numerous  exhalations  from  warm  springs,  may 
be  frequently  seen  rising  from  the  neighbouring  hills.  The  warm 
springs  of  Bath,  have  a  much  higher  temperature  than  those  of 
Derbyshire.  It  has  been  remarked,  that  warm  springs  are  coik 
fined  principally  to  basaltic  and  volcanic  countries^  In  Iceland, 
in  the  Azores,  in  Sicily,  in  Italy,  in  France,  and  various  parts  of 
Europe,  not  distant  from  volcanic  or  basaltic  rocks,  numerous 
warm  springs  exist ;  but  in  the  whole  of  the  United  States  of 
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America,  where  there  are  few  basaltic  rocks,  warm  springs  are 
scarcely  known.* 

These  remarks  are  confirmed  by  the  situation  of  the  warm 
springs  in  Derbyshire,  surrounded"  by  beds  of  basaltic  rock  nearly 
allied  to  lava.  The  hot  springs  of  Somersetshire  are  situated  on 
the  western  side  of  the  island,  not  far  from  a  range  of  basaltic 
rocks,  extending  from  Berkley  towards  Bristol.  It  will  scarcely 
be  denied  that  the  boiling  fountains  or  geysers  of  Iceland,  and 
the  warm  springs  of  Italy,  Sicily,  and  Auvergne,  derive  their 
temperature  from  subterranean  fire ;  and  it  is  contrary  to  the  es* 
tablished  rules  of  philosophy,  to  multiply  causes,  and  seek  for  oth- 
er sources  of  heat,  in  the  waters  of  Bath  or  Buxton. 

The  former  have  preserved  their  high  temperature  for  two 
thousand  years :  hence  it  is  obvious  that  they  rise  from  a  great 
depth,  far  below  the  effects  of  those  changes,  which  take  place 
near  the  surface.  It  is  further  remarkable,  that  the  hot  wells  of 
Bath,  and  the  boiling  fountains  of  Iceland,  both  contain  in  solu- 
tion siliceous  earth,  one  of  the  most  insoluble  substances  in  na- 
ture. The  similarity  of  their  contents,  affords  a  further  confirma- 
tion that  they  derive  their  heat  from  the  same  cause ;  and  we 
have  every  proof  the  subject  will  admit  of,  that  this  cause  is  sub- 
terranean fire.t 

*Tbey  are  found  in  BaUi  County,  Virgioia,  on  the  Wachitta  in  the  Aiicansaw 
Territory,  and  at  New  Lebanon,  in  the  State  of  New  York,  &c.  Trap  rocks  are  not 
uncommon  in  the  United  States. — Jim,  Ed, 

t  Temperature  of  the  Hot  Waters  in  England,  and  some  other  parts  of  Europe. 

Fahrenheit 

Bristol 740 

MaUock 66 

Buxton 82 

Bath 112  and  116 

Vichy  (Auvergne) 120 

Carlsbad  (Bohemia) 165 

Aiz  la  ChapeUe  (Flanders) 148 

Aiz  les  Bams  (Savoy) 117 

Leuk  (in  Uie  Haut  VallaU) 117  to  126 

Bareges  (South  of  France) 120 

For  some  account  of  the  Thermal  Waters  in  the  Alps,  see  p.  79. 
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The  total  thickness  of  the  difierent  rock  formations  in  Eng* 
land,  from  the  marine  sand  on  the  top  of  Hampstead  Heath,  to 
granite,  might  be  ascertained  along  any  particular  line  of  section 
with  some  degree  of  accuracy,'did  all  the  intervening  formatioiii 
occur  under  each  other ;  but  this  is  not  the  case.  The  rocks  of 
the  transition  series,  rarely  occur  in  two  distant  situations  in  the 
same  order  of  succession,  and  preserving  the  same  degree  of 
thickness.  The  secondary  strata  of  the  coal  formation,  preserve 
a  considerable  degree  of  regularity  over  the  same  district,  but 
they  almost  always  vary  in  remote  districts.  According  to  a  sec- 
tion that  was  made  across  the  coal-field  of  Derbyshire,  from  the 
ma^nesian  limestone  in  the  east,  to  the  fourth  limestone  of  Der- 
byshire in  the  west,  the  total  thickness  in  a  perpendicular  line, 
may  be  about  nine  hundred  yards.  There  are  thirteen  beds  of 
coal,  varying  in  thickness  from  six  mches  to  eleven  feet ;  the  to- 
tal thickness  of  coal  is  twenty-six  yards. 

The  thickness  of  all  the  beds  on  the  eastern  side  of  the  cotl 
districts,  from  magnesian  limestone  to  chalk,  is  a  question  of 
some  interest  to  landed  proprietors  ;  as  a  knowledge  of  it  wooM 
inform  them,  how  far  their  estates  were  situated  above  the  coal 
strata,  supposing  the  latter  to  exteuci  on  the  eastern  side  of  the 
line  AAA.  According  to  an  estimate  by  the  Rev.  J.  Townsead, 
given  in  the  former  editions  of  tins  work,  the  total  thickness  of  all 
the  upper  strata,  including  chalk  and  the  red  marie,  did  not  ex- 
ceed about  one  thousand  seven  hundred  and  ten  feet :  but  more 
accurate  observations  of  these  secondary  strata  prove,  that  in 
many  parts  of  England,  their  thickness  is  far  greater  than  Blr. 
Townsend  had  estimated,  and  can  scarcely  be  less  than  three 
thousand  feet.  There  are,  however,  no  known  situations  in  Eng- 
land, where  all  the  upper  secondary  strata,  from  chalk  to  the  red 
roarle  or  magnesian  limestone,  occur  regularly  under  each  other. 
Still  the  vast  thickness  of  these  calcareous  beds,  forbids  the  at- 
tempt to  search  for  coal  beneath  them.  There  may,  however, 
be  parts  situated  east  of  the  line  a  a  a,  where  the  upper  strata 
are  stripped  off,  or  the  lower  coal  strata  forced  up  near  the  sur- 
face.    An  instance  of  this  kind,  welt  deserving  attention,  occurs 
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ID  France^  about  twelve  miles  to  the  N.  E.  of  Boulogne.  A 
small  portion  of  the  regular  coal  formation,  and  the  subjacent 
transition  limestone,  appears  protruded  through  the  chalk  and 
oolite  formations ;  and  several  beds  of  coal  are  brought  near  the 
surface,  and  are  regularly  worked.  A  few  miles  distant  from 
these  mines,  I  observed  rocks  exactly  similar  to  the  Kellaway 
rock.*  No  geologist  would,  from  the  nature  of  the  surrounding 
rocks,  have  expected  the  occurrence  of  a  coal-field  in  this  siUia- 
tion.  Should  accident  discover  any  similar  protrusion  of  the  coal 
strata  on  the  eastern  side  of  England,  it  may  be  well  to  take-ad- 
vantage of  it ;  but  without  this,  all  expensive  search  for  coal  on 
this  side  of  our  island,  will  be  attended  with  certain  loss  and  dis- 
appointment* 

In  a  preceding  part  of  the  present  chapter,  I  have  suggested 
an  inquiry  into  the  causes  which  have  prevented  the  extension  of 
the  thick  beds  of  oolite  and  lias,  beyond  the  line  marked  in  the 
map  A  A.  It  is  evident,  that  the  strata  have  not  been  discontin- 
ued by  a  failure  of  the  materials  of  which  they  are  composed ; 
for  they  no  where  appear  more  fully  developed,  or  in  greater 
strength,  than  where  they  form  the  southern  border  of  the  Vale 
of  Severn,  and  suddenly  terminate.  I  am  much  inclined  to  be- 
lieve, that  we  must  seek  for  the  cause  of  their  discontinuance  to 
the  north-west,  from  a  range  of  lofty  mountains  having  once  ex- 
tended from  the  Malvern  Hills  (in  a  north-east  direction)  to 
Charnwood  Forest,  and  in  a  south-west  direction  into  Devon- 
shire. The  Malvern  Hills,  the  Charnwood  Forest  hills,  and  the 
transition  rocks  of  Somersetshire  and  Devonshire,  are  the  only 
remaining  nuclei  of  this  range.  This  range  probably  formed  the 
northern  border  of  an  ancient  sea,  of  which  the  Forez  mountains. 


*  The  eoti  mines  are  situated  in  the  villages  of  Hardingbam  and  Rety :  there  ar* 
fiTe  beds  of  coal,  varying  in  thickness  from  three  to  five  feet.  The  extent  of  the 
coal-field  is  about  twelve  hundred  yards  in  length,  and  four  hundred  in  breadth  ;  the 
p«atest  depth  is  three  hundred  and  thirty  yards.  The  beds  dip  to  the  north.  The 
tfareo  upper  beds  jrleld  coal  suitable  for  the  forge ;  the  lower  are  employed  for  bum- 
inglime. 
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and  the  Vosges  in  France,  were  the  soathern  border.  Were  it 
not  so,  why  should  the  lias  and  the  oolite  always  terminate  u 
they  approach  these  rocks,  both  in  England  and  France  f 

If  the  Malvern  range  were  once  fieu*  loftier  than  at  preaent,  it 
might  have  formed  part  of  a  continent,  or  island,  when  all  tht 
land  to  the  south  and  south-east  was  buried  under  the  ocean. 
On  this  island  may  have  lived  the  land  quadrupeds,  whose  re- 
mains are  found  in  the  slate  of  Stonesfield  (p.  304.)  These  bones, 
carried  into  the  then  existing  sea  by  riven,  may  have  been  borne 
further  south  by  marine  currents,  and  left  among  the  cidcareous 
and  arenaceous  depositions,  of  which  the  Stonesfield  slate  is 
composed.  If  we  trace  the  upper  calcareous  strata  from  their 
inland  termination  to  the  sea,  we  must  be  convinced,  they  have 
once  extended  further  to  the  south  and  east.  The  chalk  clifis 
at  Dover,  for  instance,  and  the  lias  clifis  at  Lyme,  are  evidently 
parts  of  more  extensive  strata,  of  which  we  find  a  continua- 
tion on  the  opposite  coast  of  France ;  and  the  chalk  clifis  at 
Flamborough  Head,  and  the  lias  clifis  at  Whitby,  are  parts  of 
strata,  which  were  continued  into  Denmark  and  Germany,  where 
the  same  strata  are  again  met  with. 

But  though  the  upper  calcareous  strata  evidently  extended  fur* 
thcr  than  the  coast  of  England  on  the  south  and  east,  there 
are  no  vestiges  of  these  strata  in  England,  west  of  the  above 
line,  except  a  small  portion  of  has  at  the  feet  of  the  transition 
mountains,  on  each  side  of  the  Bristol  Channel.  We  have  in* 
deed  reason  to  believe,  that  the  lias  and  oolite,  never  extended 
far  beyond  their  present  inland  limits  in  England  ;*  for  we  have 
decisive  proof  on  the  southern  coast,  that  the  lias  beds  did  not 
extend  further  west  on  that  coast,  at  the  period  when  the  green- 
sand  and  chalk  were  deposited ;  as  we  find  the  latter  carri- 
ed over  the  termination  of  the  lias  beds,  to  the  red  marie  beyond 


*  It  has  been  already  stated,  that  the  lias  is  found  in  the  Hebrides,  and  on  the  north 
of  Ireland ;  but  it  was  probably  deposited  in  a  sea  that  was  separated  from  the  Eng- 
land lias  by  the  Malvern  range,  and  the  mountains  of  Wales  and  Cumberland. 
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them.*  But  I  forbear  to  pursue  such  iuquiries  further ;  the  ob- 
ject of  the  present  chapter  being  to  describe  the  Geology  of  Eng- 
land in  its  existing  state.  I  leave  to  future  geologists  the  task, 
if  it  can  be  accomplished,  of  tracing  back  the  changes  which  the 
surface  of  the  country  has  undergone,  and  of  delineating  it,  as 
it  appeared  in  its  various  progressive  stages  towards  its  present 
form. 


*  This  will  be  better  udentood  by  referring  to  Plato  t.  lif .  L  Were  flie  bede 
r  r  eerried  over  the  terminal  edges  of  tbe  beds  e  t,  we  AooU  be  eertoto  thel  die 
latter  had  not  extended  further,  when  tbe  beds  r  r  were  deported. 
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Page  131. — Id  the  Chapter  od  Coal,  I  proposed  to  offer  some  ob» 
aervatioDS  in  the  Appendix,  on  the  ineffective  means  hitherto  adopted 
to  prevent  the  freqnent  recurrence  of  fatal  accidents  in  coal  mines  - 
but  on  due  consideration,  the  subject  Is  too  important  to  be  confined 
to  a  dote,  and  would  be  misplaced  in  an  elementary  work  on  Geology, 
The  number  of  lives  destroyed  by  elplosions  in  coal  mines,  has,  I  be^ 
lieve,  been  increased  since  the  introdifction  of  the  safety-lamp  ;  frooi 
causes  which  do  not  invalidate  the  tralue  of  the  discovery,  if  its  use 
were  confined  within  the  limits  which  its  illustrious  inrventor  must 
have  proposed. 

On  Freshwater  Fish  and  Shells. 

In  the  second  edition  of  this  work  I  offered,  in  a  note,  some  obser* 
vations  on  the  difficnlty  of  determining  whether  certain  animals  were 
ttiarine  or  freshwater,  as  it  was  possible  that  fish  and  many  testaceous 
animals,  mig'bt  be  capable  of  living  either  in  the  sen  or  in  rivers. 

I  stated  a  circumstance  coromnoicated  to  me  by  Mr.  Leckie,  which 
proves  that  fish  have  gpreatpr  facilUies  of  change,  than  naturalists  gen* 
erally  suppose.  Dr  MacCulloch  has  since  paid  attention  to  the  sub* 
ject,  and  ascertained  that  many  species  of  fish  will  live  equally  well 
in  fresh  or  salt  water.  The  fact  haai  been  long  known  in  Sicily,  with 
respect  to  the  mullet. 

The  lake  of  Lentini  in  Sicily  is  stocked  with  a  sea  fish  called  the 
Cefelo, — a  species  of  mullet  caught  in  the  Mediterranean,  and  thrown 
into  the  fresh  water  of  the  lake,  where  they  not  only  live,  but  in- 
crease greatly  in  size  and  improve  in  flavour,  and  are  a  considerable 
article  of  luxury  in  the  island.  This  lake  has  no  communication  with 
Ibe  sea,  and  is  filled  chiefly  with  rain  water. 

On  the  Surface  of  the  Moon. 

Geologists  have  not  hitherto  regarded  with  due  attention  the  physi- 
cal Structure  of  the  moon :  it  is  the  only  planetary  body  placed  sufS- 
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cientljr  near  us  to  have  the  iDequalilies  of  its  surface  rendered  dis- 
tinctly visible  with  the  telescope.  Attendant  on  the  earth,  and  hav- 
ing the  same  quantity  of  solar  light,  and  nearly  the  same  density, 
we  may  reasonably  infer,  that  the  mineral  substances  of  which  it 
is  composed,  do  not  differ  essentially  from  those  on  the  surface  of 
our  own  planet.  Astronomers  now  generally  admit,  that  the  moon 
is  surrounded  with  a  very  clear  atmosphere,  but  which  is  so  low, 
that  it  scarcely  occasions  a  sensible  refraction  of  the  rays  of  light, 
when  it  passes  over  the  fixed  stars.  Many  of  the  dark  parts  of  the 
moon,  particularly  the  part  called  Mare  CrUiiwn^  appear  to  be  cover- 
ed with  a  fluid,  which  may  probably  be  more  transparent  and  less 
dense  than  water,  as  the  form  of  the  rocks  and  craters  beneath  it  is 
seen,  but  not  so  distinctly,  as  in  the  lighter  parts  of  the  moon^s  sur- 
face. To  examine  the  moon  with  a  reference  to  its  external  struc- 
ture, the  defining  power  of  the  telescope  should  be  of  the  first  quality, 
sufficient  to  show  the  projections  of  the  outer  illuminated  limb  as  dis- 
tinctly, as  they  appear  when  the  moon  is  passing  over  the  disk  of  the 
sun,  during  a  solar  eclipse.  With  such  a  telescope,  and  a  sufficient 
degree  of  light  and  of  magnifying  power,  almost  every  part  of  the 
moon^s  surface  appears  volcanic,  containing  craters  of  enormous  mag- 
nitude and  vast  depth ;  the  shelving  rocks,  and  the  different  internal 
ridges  within  them,  mark  the  stations  at  which  the  lava  has  stood  and 
formed  a  floor,  during  different  eruptions ;  while  the  volcanic  cones 
in  some  of  the  craters,  resemble  those  formed  within  the  crateit  of 
modern  volcanos. 

The  largest  volcanic  mountain  on  the  southern  limb  of  the  moon, 
(called  by  some  astronomers  Tycho,  and  by  others  Mount  Sinai,)  like 
the  largest  volcanic  mountain  on  the  earth,  Chimborazo,  and  like 
Mont  D'Or  and  the  Puy  de  Dome  in  Auverg^e,  has  no  deep  crater 
on  its  summit.  There  are  indeed  the  outlines  of  the  crater,  but  it 
is  nearly  filled  up ;  while  from  the  foot  of  this  mountain,  diveigiog 
streams  of  lava  flow  in  different  directions,  to  the  distance  of  six 
hundred  miles.  The  largest  currents  of  lava  from  lofty  volcanos  on 
the  earth,  generally  issue  from  their  flanks.  The  longest  known  car- 
rent  of  modem  lava  is  in  Iceland ;  it  extends  sixty  miles,  but  the  vol- 
canos in  that  island,  bear  no  proportion  to  the  magnitude  of  the  lunar 
volcanos. 


APPENDIX.  387 

■  Geologists  who  are  relactant  to  admit  the  extensive  agency  of  fire 
on  the  surface  of  the  terrestrial  glohe,  woald  hare  their  difficulties 
removed,  were  thej  to  study  attentively  the  surface  of  the  moon  with 
a  powerful  telescope ;  for  there  we  see  the  entire  hemisphere  of  a 
planetary  body,  subjected  to  the  agency  of  rolcanic  fire. 

Since  my  return  from  the  extinct  volcanos  of  Auveigne,  I  have  fre- 
quently amused  myself  in  comparing  the  structure  of  parts  of  the 
moon's  surface,  with  that  of  the  volcanic  districts  in  Central  France ; 
and  I  could  scarcely  avoid  the  conclusion,  that  the  summits  of  many 
Tolcanic  mountains  in  the  moon,  which  reflect  so  much  more  light 
than  the  other  parts,  are,  like  those  in  Auvergne,  composed  of  rocks 
analogous  to  white  pumice  or  trachyte.  I  have  suggested  these  hints, 
to  direct  the  attention  of  geologists  and  astronomers  to  our  attendant 
planet.  Is  it  inhabited  ?  Is  it  passing  to  a  habitabU  state  ?  or  does  it 
present  the  ruins  of  a  former  habitable  globe^  torn  by  the  powerful  agency 
of  volcanic  fire  ?  Its  appearance  seems  most  to  agree  with  the  latter 
condition.  Perhaps  the  perfection  to  which  telescopes  are  advancing 
on  the  Continent,  may  enable  astronomers  at  no  distant  period  to  an- 
swer these  questions. 

Orbicular  Porphyry  and  Orbicular  Granite  of  Corsica, 

These  are  two  of  the  most  rare  and  beautiful  rocks ;  but  little  is 
known  respecting  their  relation  with  other  rocks  in  that  island.  Ac- 
cording to  specimens  of  considerable  size,  which  I  have  before  me, 
this  porphyry  is  composed  of  compact  felspar,  varying  in  colour  from 
a  greenish  to  a  reddish  brown.  The  globules  vary  in  diameter  from 
ooe-third  of  an  inch  to  three-inches.  The  most  perfectly  formed 
globules  have  a  small  globule  in  the  centre  of  each,  from  which 
ranges  of  minute  globules  diverge,  giving  to  the  large  globules  the 
appearance  of  a  radiated  diverging  structure,  more  or  less  regular. 
In  the  smaller  globules  there  are  concentric  circles,  which  disappear 
in  the  larger  ones,  except  near  their  superficies.  The  paste  in  which 
globules  are  imbedded,  contains  also  minute  globules  of  lighter-col- 
oured felspar,  variously  arranged.  The  larger  globules  are  some  of 
them  elongated,  as  if  they  had  been  in  fusion.  The  experiments  of 
BIr.  G.  Watt  on  basalt,  (See  page  159,)  elucidate  the  formation  of  or- 
bicular porphyry. 
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The  globular  structure  wa§  probably  developed  daring:  the  levi- 
liquefaction  of  the  mass*  wbicb  formed  globules,  instead  of  perfect 
crystals,  as  in  commoD  porphyry.  The  globules  id  the  Corsicao  po^ 
phyry,  can  be  easily  detached  from  the  mass.  Commos  porphyry^  it 
which  the  imbedded  felspar  occurs  iu  rounded  spots,  is  called  Variolitd. 

The  orbicular  granite  of  Corsica  is  better  known  in  this  coontcy; 
It  is  a  finely  granitic  rock^  composed  of  white  felspar,  and  blackish 
fteen  hornblende,  with  grains  of  quartz.  In  this  rock  are  numerow 
globules  composed  of  concentric  coats  of  hornblende  and  felspar,  ra- 
lying  in  diameter  from  one  inch  to  tbree  or  four  inches.  In  the  cen- 
tre of  each  globule,  there  is  a  particle  of  honiblende.  The  globolea 
appear  intimately  united  with  the  rock  in  which  they  are  imbedded, 
Itnd  cannot  be  detached  from  it.  The  orbicular  granite  takes  a  more 
even  polish  than  the  porphyry,  and  is  one  of  the  most  beautiful 
itic  rocks. 


BIrigiM  qf  <0Me  of  the  ma$t  remarkable  Mountaim  and  HilU  in  England  a$d 

Wale*. 


Arbury  Hill,  Northamptonshire 
Arran  Fowddy,  Merionethshire 
Arrenig,  Mcnonethshire     - 
Axedge,  Derbyshire 
Bagshot  Heath,  Surrey 
Peacom,  Brecknockshire 
Bardon  Hill,  Leicestershire 
Beachy  Head,  Sussex 
Black  Down,  Dorsetshire 
Botley  Hin,  Surrey 
Bow  Fell,  Cumberland 
Broadway  Beacon,  Glocestershire 
Brown  Clee  Hill,  Shropshire 
Cader  Ferwyo,  Merionethshire 
Cader  Idris,  Merionethshire 
Gaennarthen  Yau,  Caermarthen- 

shire         -         -        -         - 
Cam  Fell,  Yorkshire, 
Capellante,  Brecknockshire 
Carnedd  David,  Caernarvonshire 
Camedd  Llewellyn,   Caernarvon 
'  shire         -         -         -         - 
CarratoD  Hill,  Cornwall 
Cheviot,  Northumberland 
Ck)ni9tonFeU         ... 
Cradle  Mountain,  Brecknockshire 
Crom  Fell,  Cumberland 
Crowhoroaeh  Beacon,  Sussex 
Ditchling  iTcAcon,  Sumex 
Dover  Castle^  Kent 


Feet. 

804 

2956 

2809 

1761 

463 

2862 

853 

664 

817 

880 

29U 

1086 

1805 

2563 

2914 

2696 
2246 
2S94 
3427 

8469 

1208 

2658 

2577 

2545 

2901 

804 

85S 
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Feet 
Dundry  Beacon,  Somersetshire  IM 
Dunnose,  Isle  of  Wight,  -  -  192 
Dw^gan  near  Builth,  Brecknock- 
shire -  -  -  .  2OT1 
Epwell  Hill,  Oxford  -  -  816 
Fairlight  Down,  Sussex  -  •  699 
Farley  Down  (near  Bath,)  Gloces- 
tershire ....  799 
Firie  Beacon,  Sussex  •  -  8SD 
Graj»mere  Fell,  Cumberland  -  2756 
Greenwich  Observatory,  Kent  -  214 
Hathcrsedge,  DerbyMhirc  -  1377 
Hedgehope,  Northumberland  2347 
Helvellin,  Cumberland  -  -  3066 
Hensbarrow  Beacon,  Cornwall  lOU 
Highclere  Beacon,  Hampshire  909 
High  Pike,  Cumberland  -  2101 
HoTnie  Mo9S,  Derbyshire  -  18S9 
Holyhead  Mountain,  An^jriesea  799 
Incleborough  Hill,  Yorkshire  2961 
Inkpcn  Beacon,  Hampshire  -  1011 
Kit  Hill,  Cornwall  -  •  .  196T 
Leith  Hill,  Surrey  -  .  -  999 
Landinan  Mountain,  Montgomery  1999 
Llangeinor  Mountain,  GHinorgaiB- 

shire        -         -          -          .  1989 

Long  Mount  Forest,  Shropshire  1971 

lx>ng  Mountain,  Montgomery  ^09 

Lord's  Seat,  Derbysliire           -  1715 

Malvern  Hill,  Worcesterabire  MM 
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Hoel  Fammau,  Denbigbihire 
Kine  Stamlmrds,  Westniorcland 
Orpit  Heights,  Derbyshire 
Pfendle  Hni,  Lanca^niie 
Penmaen  Maur,  Caernarvonshire 
PtoDAigent  Hill,  Yorkshire 
Mtar,  Cumberland 
Rynlimmon  Mountain,  Cardigan* 

shire         .... 
Badnor  Fore^,  Radnorshire 
Bivei  Mountain,  Caemanronahire 
Rirington  Hill,  Lancashire 
Bodney's  PUlar  (Base  of,)  Mont- 
gomery       .... 
Boseberry  Topping,  Yorkshire 
RomblesMoor,  Yorkshire 
IMdleback,  Cumberland 


Feet 
1845 
2186 
960 
1808 
1640 
2270 


2468 
2163 
1866 
1548 

1188 
1022 
1808 
2787 


Feet 
Sea  Fen,  (High  Point,)  Ciunber- 

Itnd  ....  8188 
Shooters  Hill,  Kent  -  •  448 
Shunnor  Fell,  YoiUiire  2828 

Skiddaw,  Cumberland  -  -  8022 
Snea  Fell,  isle  of  Man  -  -  2004 
flnowdon,  Caernarvooshire  8871 

Stoir  Hill,  Herefordshire  *  Ulf 
Stow  on  the  Wold,  decesterahire  888 
Tregarron  Down,  Cardigaashire  1747 
Wendover  Down,  Bockmgfaamshire  808 
Whemside    (in    Ingleton    Fells,) 

Yorkshire  »         2884 

Whemside  (in  KettleweU  Dale,) 

Yorkshire  2268 

White  Horse  Hill,  B«rka|iir8  -  99$ 
WreUn,  Shropshire  »        18)8 


M0mntam9  m  §MUmd, 

or  the  height  of  the  moiintahia  in  North  Britain,  I  heHoTe  Omm  \k9%  WBk  Mthwt* 
been  any  very  accurate  admeasurementa  taken.  The  following  are  •one  of  Ik* 
most  considerable,  with  the  heights  as  given  by  different  writen. 

Arthur's  Seat,  Edinburgh  810 

Salisbury  Craizs  -  -  -  550 
Hartfell,  Dumfries-shire  (supposed 

by  Mr.  Jameson  the  highest  in 

the  south  of  Scotland)      t804  or  2800 

Goatfield,  Island  of  Arran         -  2945 

Benlomond,  Stirlincshire         •  8262 

Benlawers,  Perthshire        -      •  4051 

Ben  Mere,  Perthshire        -  8870 


SehehalUen 

The  most  southern  of  the  Paps  of 

Jura        ....         2858 
Mount  Battoek,  Kinenrdineabire       8450 
Cairngoium         »         .         .         4050 
Ben-Nevis,    Invemeeshire    (tibe 
highest  mountain  in  Oreat  Bri- 
tain)       ....        4888 


JRfSfiett  Mo%miMn$  m  the  Pennine  Mp$, 


Mont  Blanc  15,584 

Mont  Cenrin,  or  the  Matterhom  15,105 

Mont  Rosa  15,410 

Aiguille  de  Geant         -        -  18,984 


Aigmlle  d'Argenti^re 
The  Buet 
Dent  du  Midi 


18,870 
10,112 

10,500 


Higkett  MountatM  in  the  Swiu  Alp$. 


The  Finster  Aarhoon 
The  Joung'Frau 
The  Schreckhom 


14,807 
13,185 
12,872 


The  Eiger 

The  Monch  Eiger 

The  Wetterhom 


12,588 
12,900 
12,188 


N.  B.  All  these  mountains  are  seen  from  the  church-yard  at  Berne. 
Higheit  Mountaim  in  other  Part$  of  Europe. 


Northern  Pyrenees       -  11,160 

IfiMit  Perdu,  Ditto        -  10^50 

¥igne  Male,  Ditto       -  •        10^45 

tm  CyUndre,  Ditto        -  -        10,880 

iEtna,SieUy         -        •  •        10,590 
l^  Gran  Sasso,  in  the  Appenines       8455 

Mont  Velino,  Ditto        -  •         7860 

imcfn»  ta  Dauphiny  18,548 


Mont   Mezin,  the  Cevennet  in 

Prance        -       -        .  -  6708 

Mont  D*Or,  Ditto         •  «  6188 

Cantal,  Ditto         *         -  -  6150 

Puyde  Ddme,  Ditto  •  4780 

Vesuvius,  Naples         »  •  8888 

Mount  Atlioa  to  G?e«et  8788 
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Very  few  mountain!  in  Europe,  north  of  the  Alpe,  etceed  the  height  of  8000  fmt 
Some  of  the  mountains  in  the  chain  that  separates  Norway  from  Sweden,  rather  ex- 
ceed that  height. 

Lowest  Line  <f  Eternal  Snow, 

Feet 


At  file  Equator 
Latitude  20^ 
460 


Feet 
16,720 
15,000 

8900 


In  Switzerland 
Latitude  66<> 


48M 


PoMOget  qfthe  Alpe  whieh  lead  from  Gemumy,  Sutitzerland,  and  Framut  mU 

Italy, 


Passage  of  Mont  Cerrin  (practi- 
cable only  on  foot)         -      -      11,200 
OftheFurka         -         -         -        8800 
The  Grand  St  Bernard  -       8150 

The  Col  de  Ferret  7600 


The  Little  St.  Bernard 
OfStGothard 
OfMoDtCenis 
Of  the  Simplon 
The  Col  de  Tende 


72M 
0780 


•610 


Moutntains  if  Ana. 


LehanoD 

Mount  Sinai,  from 


6000  to  6001 


The  Himmaleh  Mountains  rise 
from         -         -         20,000  to  26,600 

EUbrus,  in  the  chahi  of  the  Cau- 
casus       ....        18,600 

In  the  Indian  Ocean  there  are  several  islands  that  rise  from  10,000  to  18,000  feci 

MountainM  qfJ^frica, 

The  geography  of  Africa  is  too  little  known  to  afibrd  any  correct  account  of  its 
mountains :  those  of  Abyssinia  have  been  estimated  to  be  equal  in  height  to  the 
Alps,  and  the  chain  of  Mount  Atlas  to  equal  the  Pyrenees. 

The  Peak  of  Tenerifle  -        12,286  feet. 


Chimborazo,  Quito 
Cotopaxi 


South  America. 

22,700  I  Antisana,  Peru 
20,820    Pic  D'Orizaba,  Mexico 


20,680 
17,168 


^orth  America.* 

Some  very  k>fty  mountains  rise  on  the  western  coast ;  but  few  of  the  mountains  in 
the  Apalachian  chain,  or  the  Alleghany  on  the  eastern  side,  rise  three  thousand  feet 
above  the  level  of  the  sea. 

Higheet  habitable  Parti  of  the  Globe. 


The  Farm  of  Antisana,  Peru  18,200 

City  of  Micuipamha        -       -       11,850 
City  of  Quito        -         -         -         9520 


City  of  Mexico        -  .        ^m 

Hospice  of  St.  Gothard  in  the  Swiss 
Alps         ,         -         -  .        £790 


*  Long*s  Peak,  Rocky  Mountains  12,600 
Mount  Washington,  &ie  highest  of 
the  White  Mountains  m  New 

Hampshire        -         -         -  6684 

Moosehillock,  Ditto         -         -  4686 

Mansfield  Mountain,  Vermont  4279 

Camel's  Rump,  Ditto       -         -  4188 


Saddle  Back,  Massachusetts  •  4000 
Table  Mountam,  South  Carolina  4000 
Peaks  of  Otter,  Virginia  .         3866 

CatskiU    Mountain,  Round  Top, 

New  York         -  -  .        3804 

Grand  Monadnock,  New  Hampshire  3364 

Am.  JSd. 
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Passages  in  the  Pyrenees. 

Port  D'Oo 

Port  Vie!  d'Ertamb^ 

Port  de  Pinede 

Feet 
9860 
8400 
8200 

Port  de  Carvarnie 
Passage  de  Tourmalet 

Feet 

-  7660 

-  7130 

Passages  in  Skmtzerland, 

The  Wengen  Alp 

6760 

The  Sheideck  to  Meyringen 

-      6600 

MEMORANDUM. 

Mr.  Bakewell  having  beea  iDformed,  by  the  American  editor,  that 
an  edition  of  this  work  was  about  being  published  in  this  country,  was 
requested  to  forward  a  notice  of  any  alterations  which  he  might  de- 
sire to  have  made.  A  number  of  corrections  and  additions,  contained 
in  a  letter  dated  August  30,  have  been  inserted  in  their  proper  pla- 
ces, but  most  of  those  contained  in  another  letter  of  the  28th  October, 
having  arrived  too  late,  are  now  mentioned  in  the  author^s  own  lan- 
guage.— Yale  College^  Jan,  1,  1C29. 

^^  Some  of  the  secondary  strata  have  received  names  in  England 
from  the  town  or  village  where  they  were  first  examined.  Such  names 
had  better  be  omitted  or  explained  in  a  tabular  view  of  them  in  a 
work  which  is  to  circulate  in  other  countries.  In  the  tabular  arrange- 
ment p.  175  at  6g,  4. 

4.  Oolite  with  subordinate  beds  of  Clay  and  Sand. 

£L  Lower  Oolite        ---»-- 
A  thick  bed  of  dark  Clay  called  Oxford  or  Clunch 
Clay         -------  J  Calcaire 

h  Middle  Oolite V  OolUique, 

Clay  with  much  carbonaceous  matter,  called  Kim-  {  4'C. 
me  ridge  and  Oaktree  Clay 
c  Upper  Oolite        .        -        -        -         -        - 

5.  Sand,  Sandstone,  and  Clay. 

a  Sandstone  and  sand  chiefly  siliceous  called  >  q^    ferrunneux 
Hasting's  Sand  and  sometimes  Iron  Sand  J         /^'^^fs* 

b  Clay  with  fresh  water  shells,  called  Weald  Clay. 

r^  ojAOJA  4  Ores  vert  and  Glaueonie  crayeuse  of 

e  Green  Sand,*  Sandstone    j      Brongniart. 

6.  Chalk,  &c.  (as  before.) 

*  Where  the  Green  Sand  and  Sandstone  form  thick  beds,  in  the  aouth  eastern 
counties  of  England,  this  formation  is  divided  by  a  bed  of  dark  bine  clay  into  what  is 


399  A^PENDI}(. 

Page  203,  line  eleven  from  bottom,  read,  Beds  of  dark  limestmie 
called  the  Purbeck  beds  lie  over  the  upper  oolite  and  are  by  some 
geologists  classed  with  it ;  bat  Uiejr,  kc. 

Page  208,  last  line  aAer  afresh  water  shells,^  read,  But  these  bedl 
may  be  regarded  as  a  local  formatioo,  their  extent  being  very  limited. 
Page  214,  fifth  line  from  top,  read.  Below  the  green  sand  in  the 
south  eastern  counties  of  Elngland,  there  is  a  considerable  bed  of  lead 
coloured  clay  called  Gait,  under  which  there  is  a  ferruginous  sand 
passing  in  the  lower  part  into  green  sand,  this  is  sometimes  called  the 
lower  green  sand,  and  sometimes  the  Shanklin  sand,  from  Shanklin  in 
the  Isle  of  Wight,  where  it  occurs  in  cliffs  on  the  shore.     This  bed  of 
clay  and  the  ferruginous  sand  under  it  have  frequently  been  mistaken 
for  the  Weald  Clay  and  the  Hastings  or  Iron  Sand,  and  there  is  at  thU 
time  a  considerable  difference  of  opinion  among  English  geologiftt 
respectnig  the  identity  of  these  strata  in  Various  situations.     In  form- 
litions  necessarily  so  variable  as  the  bods  of  sand,  sandstone,  clay  and 
marie  that  intervene  between  the  chalk  and  the  oolite,  the  identifici- 
tion  of  the  strata  in  different  situations  seems  an  object  of  trifl  ng  im- 
portance in  itself     But  ^s  it  is  now  discovered  that  the  strata  between 
the  upper  oolite  and  the  lower  green  sand  whereon  they  occur,  coo- 
tain  the  remains  of  fresh  water  animals  and  land  plants,  (probably  in- 
termixed with  some  marine  shells,)  these  strata  and  those  above  and 
below  them  become  entitled  to  the  careful  attention  of  the  geologist 
who  is  desirous  to  trace  the  changes  that  have  taken  place  in  the  con- 
dition of  our  planet,  as  indicated  by  the  remains  of  its  ancient  inhabit- 
ants. 

Page  251,  line  seventh  from  bottom  aHer  smoke,  add  the  follow- 
ing note. 

It  has  been  denied  that  smoke  is  ever  emitted  from  volcanoa,  hot 
as  bitumen  abounds  in  the  products  of  ancient  volcanoa  in  Auveigoe, 
and  occurs  in  the  lava  of  several  recent  volcanos,  smoke  must  have 
been  emitted  during  the  eruption  of  such  lava.^^ 

BOW  generally  called  upper  and  lower  Green  Sand,  the  latter  is  often  lermgliioaittl 
has  frequently  been  confounded  with  the  Hasting^s  Sand  or  Iron  Sand  and  the  bfie 
clay  called  Gait  has  been  mistaken  for  the  clay  called  Weald  Clay.  The  latter  ip* 
pears  to  become  thin  or  to  be  entirely  wanting  in  many  parts  of  Engtand,  when  ft 
might  hare  been  supposed  to  occur. 
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[N.6.  A  brief  DescriptiOQ  of  some  of  the  Fossils  mentioned  in  the 
present  Volume,  is  given  in  the  Index,  for  the  use  of  those  who  may 
be  entirely  unacquainted  with  Fossil  Organic  Remains.] 


AiouiLLKs,  granitic  peaks  in  the  Alps, 

bow  formed,  61,  67. 
Alcvonites,  foseil  alcyonia,  nearly  resem- 

bung  sponges,  the  production  and  hab- 

iUtion  of  polypi,  201. 
Alluvial  depositions,  12,  811,  821. 
Alpnach  coal,  contains  teeth  and  bones 

of  the  mastodon,  225,  848. 
Alternation  of  marine  and  freshwater  for- 
mations, 223;  hypotheses  respecting 

them,  248. 
Ahimine  or  Clay,  85. 
Alnm  shale,  195, 199. 
Ammonite,  or  ComuJimnumia,  (proWn- 

cially  Bfiakestone,)  a  ibssil  chambered 

shell,  supposed  to  resemble  the  closely 

coiled  ram's  horns  on  the  head  of  Ju- 

piter  Ammon ;  twenty  species  of  this 

shell  found  in  lias,  195. 
Amphibole ;  see  Hornblende. 
Amygdaloid,  104, 140«  157. 
Amygdaloidal,  44, 155. 
Anhydrous  gypsum,  48;  see  G3rp|sum. 
Animab,  division  of,  by  Cuvier,  into  ra- 

dUited,  articulated,  moluscous,  and  ver- 

tebrated,  Chap.  II.  25. 
Antibradte,  a  species  of  coal  diat  bums 

without  smoke,  120, 126. 
Atlantades,  858. 
Augite,  90,  140;  one  of  the  principal 

component  minerals  in  dark  lava  and 

bMnlt,  279. 
Auvergne,  geology  of,  265,  270. 
Aiores,  for^-two  volcanos  in  the,  259. 

Baaalt,  description  of,  140 ;  varieties  of, 
and  its  passage  into  phooolite,  pitch- 
stone,  and  obsidian,  141 ;  its  connec- 
tloo  with  porphyry,  sienite,  and  gran- 
ite, 141 ;  caps  of  basalt,  150,  266 ;  co- 
lumnar basalt  of  the  Hebrides  and  the 
north  of  Ireland,  151,  152 ;  basalt  of 
loelandy  158 ;  of  Auvergne,  154,  265, 
266;  coral  in  basalt,  155;  imbedded 


basalt,  155 ;  alternation  of  with  time- 
stone,  156 ;  experiments  on,  158 ;  ig- 
neous origin  of,  160 ;  Werner's  theory 
of,  161. 

Basaltic  dykes,  145, 149. 

Basin,  Paris,  strata  of,  221 ;  fossil  remains 
in,  280—236, 240. 

Belemnite,  a  round  straight  chambered 
shell,  frequently  about  the  size  of  a 
finger,  but  tapering  to  a  point;  from 
the  Greek  BeUmnon,  a  round  arrow- 
head, 200. 

Bind  or  Clunch,  indurated  clay,  116. 

Birds,  bones  of,  rarely  found  fossil,  80 ; 
in  Stonesfield  slate,  204,  205,  841. 

Bitumen,  121 ;  in  die  volcanic  tufa  of  ex- 
tinct volcanos,  270,  278. 

Black-lead  mine,  Borrowdale,  864. 

Blocks  of  granite  and  other  primary  rocks 
on  calcareous  mountains,  and  in  val- 
leys, 66,  820. 

Blue  John,  or  Fluor  Spar,  mine  of,  297. 

Boiling  springs,  262 ;  see  Thermal  Wa- 
ters. 

Bones,  analyses  of,  80;  found  in  caverns, 
889 ;  see  Fossil  Remains. 

Bovey  or  Wood  coal,  122. 

Breccia,  44. 

Brochant,  Professor,  on  promoting  a 
knowledge  of  geok>gy ;  see  Pre&ce. 

Bronniiart,  A.,  218,  221. 

Buckland,  Professor,  on  caverns  contain- 
ing bones  of  quadrupeds,  840,  841. 

Burrii  stones,  or  Millstones,  240,  248. 

Cader  Idris,  columnar  trap-rock  on,  ^.53. 
Calcaire  grossier,  fossil  remains  in,  222, 

225,226. 
Calcaire  siliceux,  281. 
Calcaire  alpin,  observations  on,  169. 
Calcareous  tufii,  827i 
Calcareous  sandstone  of  Australasia,  and 

of  Cornwall  and  Gaudaloupe,  884. 
Carbon,87,120;  in  volcanic  products,  278. 
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Cardona  in  Spain,  salt  formation  at,  186. 

Carnivorous  quadruped.4,  fossil  remains 
of,  most  abundant  in  caverns,  339. 

Caverns  in  transition  or  mountain  lime- 
stone, 103 ;  how  formed,  ibid. 

Caverns  with  hone?  of  carnivorous  ani- 
mals in  Germany  and  Hungary,  839, 
840 ;  at  Kirkdale  in  Yorkshire,  Profes- 
8or  Buckland*^  discoveries  in,  340, 841 ; 
subsidence  of  their  roo&,  342 ;  cavern 
in  Derbyshire  containinf;  the  entire 
skeleton  of  an  elephant,  3-13. 

Cawk,  or  Sulphate  of  Rarytes,  303. 

Central  Fire,  observations  on,  56,  281. 

Cetaceous  animals  of  the  whale  family, 
rarely  fossil,  30 ;  in  Italy,  237. 

Chalk.  Upper,  lower,  and  middle,  thick- 
ness of  the  strata  in  England  and 
France,  214;  chalk  with  flints,  214, 
215;  sometimes  intermixed  with  sili- 
ceous sand,  215 ;  some  chalk  contains 
inagne^a,  215;  characters  by  which 
magne<;ian  chalk  may  be  distingfuished, 
215 ;  on  the  constant  occurrence  of  flint 
in  chalk,  216;  fossils  in  chalk,  216; 
localities  of  chalk,  217. 

Cbarnwood  Forest,  ^i^oite  of,  more  an- 
cient than  that  of  the  Alps,  166;  sami- 
8tone  of,  179 ;  sicnitic  rocks  of,  182 ; 
hills,  geology  of,  368,  370. 

Cheshire,  rock-salt  of,  184 

Cblmborazo,  71 ;  formation  of  trachyte 
on,  271. 

Chlorite,  40;  In  the  igranite  of  the  Alp«, 
66 ;  chlorite  slate,  03 ;  sec  Talcous 
Slato. 

Cla.ooification  of  rock«,  7;  of  animals,  by 
Cuvier,  26 ;  of  shells,  defects  in,  82, 
62. 

Clay,  or  Aluminc,  S.'j. 

Clay-stone,  141 ;  of  Braid- Hi II,  resem- 
bles trachyte.  276. 

Cleavage  of  slate ;  mistaken  for  stratifi- 
cation, 95. 

Clermont  in  Auvergne,  265. 

Cleveland  Basalt  Dyke,  147;  hills,  205. 

Clinkstone,  or  Phonolite,  279. 

Coal  Formation,  the  strata  which  compose 

'  it,  contain  almost  exclnsivcly  fossil  ve- 
getable remains,  109;  strata  under  the 
regular  coal  formation,  127;  imperfect 
coal  fonnaTions,  127;  coni  formations 
in  various  parts  of  the  world,  131. 

Coal,  mineral,  varieties  of,  111. 

Coal-tield-j,  or  Coal-basins,  of  limited  ex- 
ten*.  111,113;  deranged  by  faults,  114; 
coal  mines,  115;  an  elucidation  of  the 
»tr*'/'»iire  ojf  coal-basins,  1 17 ;  ironstone 
ac<*of».panyinp  coal  strata,  116;  great 
coal-field  In  South  Wal^s,  118,  185 j 


coal-fields  in  England  and  Wales  am- 
merated,  865,  367. 

Coal,  origin  of,  119,  121,  124,  126;  coo- 
version  of  vegetable  matter  into  cotl, 
126,  127 ;  coal  of  Alpnacb,  contaimng 
bones  and  teeth  of  the  mastodon,  129; 
search  for  coal,  how  it  should  he  made, 
130 ;  on  the  period  when  the  coal  ef 
England  will  be  exhausted,  132. 

CoN,  or  Passages  in  the  Alps,  61 ;  height 
of,  389. 

Columnar  structure,  46,  153. 

Compact  structure,  44. 

Comparative  Anatomy,  its  importance  in 
Gcolosry,  234. 

Conchology,  defects  in  the  classificatioa. 
32 

Conformable  position,  50,  54. 

Conglomerate,  rounded  masses  of  rock  is 
sand  or  clay,  98 ;  separates  slate  frooi 
transition  limestone  in  Denbi^bsliira, 
361 ;  in  Cumberland,  862 ;  ceogloiaer- 
ate  of  trachyte,  279. 

Coral  ragg,  202. 

Coral  rocks  formed  bT  zoophytes,  26, 9$, 
201,884. 

Cordier,  his  mechanical  analysis  of  hn, 
279. 

Cotemporancous  formations,  165, 168. 

Crag  of  Norfolk,  287 ;  fossil  remain:)  ii, 
238. 

Craters,  elevation  of,  263. 

Crocodiles,  fossil  remains  of  in  oolite,  901 ; 
at  Tilgate  Forest,  209;  at  Highgatetad 
Islington,  227. 

Cross  courses,  299. 

Cross  Fell  in  Cumberland,  362.  369. 

Crust  of  th«5  globe,  comparative  thicknes? 
of,  4,  138,  288. 

Crj'stals,  of  tlie  same  mineral,  a.ssume  dif- 
ferent forms  in  different  distrirls,  308. 

Cuvier,  Baron,  his  classificatiob  of  ani- 
niaN,  25 — 28 ;  new  animals  discovered 
by  him,  221.  281—234;  his  db^^m- 
tions  on  the  structure  of  fossil  animab. 
234,  235. 

Daubeny,  Dr.,  on  the  geology  of  Stc0r, 

157. 
Density  of  the  earth,  8. 
Denudation,  wlial,  349. 
Diabase,  or  Greenstone,  89. 
Diableret  mountains,  fossil  rematas  ia, 

167. 
Diallage,  cr}n<tallized  serpentine,  87;  ia 

Cornwall,  339;  in  Radnorshire,  861. 
Diluvial  agency,  849,  851. 
Diluvial  dnposfts,  12,  811 ;    fosnl  booes 

In,  384,  S.S7 
Disintegration  of  rocks,  811. 
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IMerite,  90. 

Dfrfomite,  42, 175. 

Dome-Shaped  mountains  in  Auvergne, 

their  origio,  270. 
Dra^n,  flying,  fossil  remains  of,  173. 
Droitwich,  rock-salt  of,  185. 
Druses,  295. 

Dudley,  transition  limestone  of,  100. 
Dudley,  hasalt  of,  158  ;  geology  of,  371. 
Dye-earth,  101. 
Dykes,  111. 

Earthquakes  and  Volcanos,  their  connec- 
tion, 245;  distance  at  which  earth- 
quakes are  felt,  246;*  affect  distant 
qN-ings  and  wells,  246 ;  frequency  at 
{>articular  periods,  248;  at  Lisbon  in 
1759,  its  efiects,  246 ;  more  powerful 
in  mines  than  on  the  surface,  250;  at 
Chili,  effects  and  extent  of,  78. 

Earths  of  which  rocks  are  principally 
composed,  84, 35. 

Eboulements,  what,  813. 

Echinites,  fossil  Echini  seldom  found  be- 
low the  oolite  limestone,  201 ;  charac- 
teristic of  chalk,  216. 

Echinus,  a  sea  urchin,  pi.  Echini. 

Elephants,  fossil  remains  of,  335, 338,  &c. 

Elks,  fossil  remains  of,  in  Ireland,  337. 

Elvan,  of  Cornwall,  91. 

Encrinites,  sometimes  called  Entrochi; 
fodsil  zoophytes  with  a  round  and  joint- 
ed stem,  and  round  and  jointed  arms, 
or  branches,  surrounding  the  mouth, 
which  when  closed  hear  a  resemblance 
to  a  lily,  a  cap,  or  a  turban,  &c.  hence 
called  the  lily  encrinite,  the  cap  encri- 
nite,  &c. ;  common  in  transition  lime- 
stone, 26. 

Escarpments  of  mountains,  69. 

Eaphemia,  engulphed  by  an  earthquake, 
246. 

Eurite,  6nely  granular,  or  compact  Fel- 
spar, 75. 

Fair  Head,  basaltic  columns  of,  151. 

Faults  and  Dykes,  114. 

Faulty  ground,  116. 

Felspar,  89,  65. 

Fire-damp,  131. 

Fish  thrown  out  during  volcanic  erup- 
tions, 261. 

Fish,  fosdl  remains  of,  281 ,  see  Maigne- 
sian  Limestone,  Lias,  &c. 

Flint,  in  and  under  chalk,  214;  its  ongin, 
216. 

Flinty  slate,  96. 

Fketz  rocks  of  Werner,  172. 

Fluan,  (a  term  used  by  miners,)  299. 

Fluor-spar  mine,  297. 


Fontainebleau  sandstone,  287. 

Forest  marble,  202. 

Formations,  48. 

Fossil  organic  remains,  called  also  Extra- 
neous -  fossils  and  petrifactions ;  see 
Chap.  II.  et  pasnm. 

Freestone ;  see  Oolite. 

Freshwater  formations,  indications  of  their 
occurrence  in  the  regular  coal  forma- 
tion, 123,  125;  in  the  strata  between 
the  upper  oolite  and  the  green-sand 
below  chalk,  208,  212;  observations  on 
the  alternations  of  freshwater  and  ma- 
rine formations,  242,  243. 

Freshwater  limestone,  239,  240 ;  formed 
in  recent  lakes,  828. 

Fuller*s  earth,  202. 

Gait,  214. 

Oeodes,  in  green-sand,  213. 

Geognosy,  2. 

Gcolo«;y,  derivation  of  the  word,  2;  spec- 
ulative, 2. 

Geology  of  England  and  Wales,  356;  the 
principal  mountain  range  on  the  west- 
ern side  of  the  island  oenominated  the 
Great  Alpine  Chain,  356;  divided  into 
three  groups  or  ranges:  the  Devonian 
range,  357;  mineral  treasures  of,  359, 
360.  The  Cambrian  range,  360 ;  moun- 
tains of,  360;  principal  mineral  treas- 
ures of,  361.  The  Northern  range, 
extent  of,  3G2.  Structure  of  the  cal- 
careous mountains  explained  by  a  sec- 
tion of  England,  862;  mountains  sur- 
rounding the  lakes,  363 ;  branch  from 
the  northern  range  extending  into  Der- 
byshire, 364.  These  three  ranges  com- 
prise the  Alpine  districts.  The  middle 
district,  coal-tields  in  it  enumerated, 
365,  367 ;  this  district  in  some  parts 
covered  by  red  marie  and  sandstone 
containing  rock-salt  and  brine  springs, 
367.  Primary  rocks  and  ancient  trap 
rocks  appear  in  the  middle  district,  368; 
at  Charnwood  Forest,  368,  371 ;  in 
Warwickshire,  371 ;  Gloucestershire, 
Somersetshire,  37^  374.  The  upper 
calcareous  district  contains  no  beds  of 
good  coal  nor  any  metallic  veins,  373. 
Magncsian  limestone  bordering  the 
coalstrata,  extent  of,  373.  Lias  lime- 
stone, extent  and  duration  of  through 
England,  373,  374.  Oolite  limestone, 
range  of  through  England,  and  its  ab- 
rupt termination,  374,  375;  strata  be- 
tween the  oolite  and  chalk,  876.  Chalk, 
extent  of  in  England,  876.  Tertiary 
formations  covering  chalk,  376,  877; 
alluvial  and  diluvial  depoBitioBs»  877 ; 
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subterranean  and  submarine  forests, 
377,378;  tbennal  watert*  of  England, 
378,  379;  Ob'icrvationa  on  the  total 
thickness  of  ihc  diflferent  rock  forma- 
tions of  England,  380 ;  on  coal  districts 
concealed  by  upper  calcareous  strata, 
380;  on  the  cause  which  prevented 
the  further  extension  of  the  oolite  and 
lias  to  the  north-west,  381. 

Giant*fl  Causeway,  161. 

Glentil  in  Scotland,  peculiarities  of  the 
granite  there,  74. 

Globular  structure,  46 ;  in  basalt,  explain- 
ed, 159. 

Gneiss  or  Slaty  granite,  81;  alternates 
with  and  passes  into  common  granite 
and  into  mica-slate,  81,  82. 

Gold,  where  found  in  England,  293,  309. 

Granite,  composition  of,  65 ;  varieties  of, 
66,  67;  localities  of,  68—72;  granite 
veins  in  schi<(,  73 ;  vertical  beds  of,  in 
the  Alps,  166 ;  different  ages  of,  166 ; 
granite  passage  of  into  sienite,  porphy- 
ry, and  basalt,  142 ;  bears  a  near  affin- 
ity to  ancient  volcanic  products,  285. 

Granite  of  England,  more  ancient  than 
that  of  the  Alps,  165. 

Granite,  scattered  blocks  of,  72,  820. 

Granite  vein^,  81. 

Granite,  secondary,  observations  on,  75. 

Gravel,  311,312;  beds  of,  scattened  on 
the  summits  of  detached  hills,  351, 377 ; 
organic  remains  in,  338. 

Gray  wethers,  286. 

Green-sand  formation,  213;  fossil  re- 
mains In,  213. 

Greenstone,  a  rock  composed  of  horn- 
blende and  felspar,  the  diabase  of  the 
French,  89;  sometimes  called  trap, 
106 ;  sit>nitic  greenstone,  140. 

Gres  ancien,  181;  rouge,  180;  des  Vos- 
ges,  180;  bigarnS,  180;  ferrugineux, 
212 ;  u  lignite;*,  239. 

Greywacke,  97;  passes  into  the  old  red 
•i.inil^tone,  97 ;  its  place  sometimes  sup- 
plied by  conglomerate,  98. 

Gn  ywacke  slate,  97,  &c. 

Gryphitc,  a  fo.^*«il  bivalve  ^hell,  the  lower 
valve  deeply  curved,  the  upper  flat, 
196. 

Gypsum,  42;  accompanies  rock-salt,  191 ; 
and  is  always  anhydrous  in  the  Alps 
when  first  exposed,  191 ;  observations 
on,  191 ;  Pari?  gypsum  and  gypseous 
marie,  231. 

Halifax,  the  Rev.  R.  on  the  lias  and  oolite 

of  Leckhampton  Hill,  198. 
Hall,  Sir  James,  hit*  experiments  to  ex- 

pliin  the  formation  of  basalt,  158 ;  to  I 


convert  chalk  into  marble,  159;  tol 
sandstone,  288 ;  his  theory  on  &e  fsr- 
mation  ot  valleys,  350. 

Hampstead  Heath  marine  sand,  287. 

Hartshill,  quaitz  rock  of,  182. 

HasUngs  sand,  or  iroo-sand,  209;  kmd 
remains  in,  209. 

Height  of  mountains,  table  of;  see  Ap- 
pendix. 

Helix.  Helicites,  fos^iil  shells  of  the  naQ 
genus  Helix  Janthina,  171. 

Highnam  Park,  lia.^  limestone,  198. 

High  Stile,  crater  in,  143. 

Himmaleh  mountains,  the  highest  in  like 
world,  71 ;  fomtl  bones  of  horses  and 
deer  brought  down  from  them  by  ava- 
lanches, 852. 

Hippopotamus,  fossil  remains  of,  835. 

Hone  or  Whetstone  slate,  95. 

Honeycomb  limestone  of  Sunderland,  lli- 

Hornblende,  40,  89,  106 ;  slate,  89. 

Homstone,  or  Pctrosilex,  96. 

Hot  springs ;  sec  Thermal  Waters. 

Humboldt,  account  of  the  lbrmatk»if 
new  islainds,  57 ;  on  subterranean  fin 
under  primary  rocks,  78,  255 ;  and  «n 
the  extent  of  volcanic  fire,  258. 

Huttonian  or  Plutonian  theory  respecting 
metallic  veins,  302 ;  on  the  formalkie 
of  valleys,  845. 

Hydrogen  gas  evolved  from  volcano8,274. 

Hyenas,  bones  of,  found  in  caverns,  841. 

Jasper,  38, 105. 

Java  Island,  volcanic  eruptions  of.  260. 

Ichthyosaurus,  or  Fish-lizard,  29,  IM, 

202,  &c. 
Jenner,  Dr.,  his  experiments  on  recent 

bones,  23. 
Jet,  highly  bituminized  wood-coal,  125. 
Iguanodon,  a  gigantic  lizard  found  CmbI 

at  Cuckfield,  29,  210. 
Imbedded  rocks,  56. 
Inclination,  angle  of,  45,  4.9. 
Inclination  of  strata,  diflerence  betweci 

apparent  and  real,  51. 
Inequalities  in  the  earth's  surface  produ- 
ced by  the  effects  of  central  fire  and 

inundations,  56  and  Chap.  XIX.  pm- 

sim. 
Insects,  rarely  found  fosc^ils,  27. 
institutes  of  Menu  on  the  duration  or 

length  of  the  six  days  of  crcatioo,  19. 
Iron,  36,  292 ;  ore,  294. 
Ironstone,  118,  293  ;  analyses  of,  119. 
Iron- works,  cx>al  used  in  them,  119. 
Iron-sand,  209. 
Inlands,  new  ones  formed  by  volcanie 

eruptions,  57;  by  submarine  volcaaos, 

256. 
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Ifltodf  formed  of  coral,  86, 8S4. 

lyory  from  the  fonil  tusks  of  elephants, 

fouDd  in  Siberia,  &c.,  884,  888. 
Jura  Mountains,  15, 108,  109,  199,  244. 

Kaolin,  or  sod  granite  used  in  porcelain, 

77,859. 
Kelloway  rock,  202. 
Killas,  a  schistous  rock  nearly  allied  to 

mica-slate,  74. 
Kimmeridge  Clay,  is  impregnated  with 

bitumen,  and  used  as  fuel,  127,  203. 

Lakes,  salt  and  freshwater,  244;  are 
gradually  filling  up  and  lessening,  828 ; 
9ie  deeper  part  of  valleys,  846. 

Lava,  265 ;  passes  into  basalt  in  Auvergne, 
266;  alternates  with  freshwater  lime- 
stone in  Sicily,  157 ;  quantity  of,  ejec- 
ted during  one  eruption,  252 ;  compact 
and  scoriaceous,  271 ;  analyses  of,  279; 
passes  into  obsidian,  278;  length  of 
time  diat  it  retains  its  heat,  280. 

I..ead-ores,  801,  310. 

Lias  limestone  and  lias  clay,  195 ;  remar- 
kable organic  remains  in,  23,  29, 195 ; 
lias  of  France,  197 ;  lias  of  the  Jura 
and  the  Alps,  198 ;  extent  of  through 
England,  373,  374. 

Lignite,  or  Wood-coal,  111,  121, 126, 205, 
223. 

Lime,  42,  199 ;  use  of  as  a  manure,  826. 

Limestone,  42 ;  whether  formed  of  ani- 
mal secretions,  85 ;  varieties  of;  see 
Primary,  Transition,  &c.,  and  Chap. VI. 

Limestone  conglomerate,  178. 

Line  of  bearing,  45,  49. 

Line  of  dip,  45,  49. 

Lipari  Islands,  volcanic  products  of,  276. 

Lisbon,  earthquake  of,  246,  249. 

Liiards,  or  Saurian  animals,  fossil  re- 
mains of,  29. 

Li2cards,  flying,  found  (bssil,  29, 178. 

Llanymynal,  limestone,  sudden  termina- 
tion of,  164. 

Lodes  or  right  running  metallic  veins, 
299, 

London  Clay,  226,  228. 

Lyell,  Mr.,  on  recent  freshwater  lime- 
stone, 828. 

Lyme  in  Dorsetshire,  organic  remains 
there,  197. 

Lymnites,  fossil,  univalve  oblong  shells, 
characteristic  of  freshwater  limestone, 
240. 

MacCulloch,  Dr.  his  experiments  on  the 
formation  of  coal,  125,  on  peat,  881 ; 
sea  and  freshwater  fish,  886. 

Mackenzie,  Sir  George,  on  the  origin  of 
basalt,  153. 


I  Madrepores,  26 ;  form  rocks  and  reefs  of 
coral,  384. 

Magnesia,  86 ;  in  chalk,  215 ;  how  dis- 
covered, 215; 

Magnesian  Umestone,  175 ;  fossils  in,  177. 

Malvern  Hills,  Worcestershire,  181, 872 

Mammodi,  or  fossil  elephant,  15,  884, 
885. 

Mantell,  Mr.  on  the  Geology  of  Sussex, 
210. 

Marble,  statuary,  84. 

Marine  sand  and  sandstone,  upper,  286, 
287 ;  forms  caps  on  London  clay,  878. 

Mastodon,  885 ;  and  note  in,  886,  888 ; 
bones  and  teeth  of,  found  in  coal  at 
Alpnacb,  225. 

Mechanical  deposition,  45. 

Megalonix,  886. 

Megalosaurus,  an  immense  animal  of  the 
lizard  family,  209. 

Megatherium,  886. 

Metallic  beds,  293;  veins,  295;  forma- 
tion of,  802. 

Metals,  repositories  of,  810. 

Mica,  40 :  when  abundant  in  granite, 
changes  its  structure  and  forms  gneiss, 
75. 

Micaceous  sandstone,  accompanying  coal, 
110. 

Mica-slate, its  passage  intog^ranite,  gneiss, 
and  day-slate,  75;  varieties  of,  §2, 9B; 
on  the  change  of  mica-slate  into  gneiss 
and  talc-slate,  64 ;  contortion  of  its  beds, 
84;  contains  beds  of  primary  limestone, 
84. 

Millstone  grit,  110. 

Millstones,  281,  240. 

Molasse,  or  Soft  Sandstone  of  the  Alps^ 
224 ;  and  note  in,  224. 

Moluscous  animals,  25,  28. 

Monitor,  204,  210. 

Monkeys  and  apes,  bones  of,  never  found 
fossil,  81,  887. 

Montadoux  in  Auvergne,  270. 

Mont  Blanc,  ascent  of  by  Saussure,  68. 

Mont  Grenier,  fall  of,  815. 

Montmartre,  fossil  remains  of,  283. 

Moon,  surface  of,  volcanic,  885. 

Morains,  heaps  of  stones  brought  down  by 
the  glaciers  from  the  higher  Alps,  818. 

Mountains, — on  the  causes  of  their  ele- 
vations, 56,  844, 847,  848 ;  destruction 
and  disintegration  of,  811 — 820,  etpoM- 

Mountain  chains  and  ranges,  58 ;  of  Great 

Britain,  357,  865 ;  heights  of,  888,  889. 

Mountain  limestone  ;  a  name  improperly 

f;iven  to  transition  limestone,  in  Eng- 
and,  the  transition  limestone  of  all  for- 
eign geologists,  101;  tee  Transition 
Limestone. 
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Mounttin  valleys  and  lakes,  819. 
Mud  volcanos,  261. 

Nagel  flue  of  Switzerland,  or  sandiione 
conglomerate,  224. 

Native  metals,  298. 

NautiUtes,  fimU  nautiU,  195,  &c 

Neptunian  8vstem ;  see  Wemerian. 

Niagara,  Falls  of,  828. 

Northwich,  rock-salt  of,  184. 

Nottingham  sand  rock,  182. 

Nummulites,  flat  or  convex  round  cham- 
bered  shells,  so  called  from  their  sup- 
posed  resemblance  to  coins,  280. 

Obsidian,  or  volcanic  glass,  141,  277,  278. 

Ocean,  depth  of,  6 ;  nltness,  6 ;  has  cov- 
ered the  present  continents,  proofii  of, 
14, 15;  etpasnm. 

Ochre,  292. 

OgygeMjone  of  the  most  ancient  fiMails,  27. 

OUvine,  140. 

Ontario,  Lake  of,  328. 

Oolite,  or  Roetitone,  different  beds  of,  de- 
scribed, 199—205 ;  extent  of,  in  Eng- 
land, 874;  observations  on  its  abrupt 
terniinatioD,  375  and  381. 

Orbicular  granite  and  porphyry,  887. 

Order  of  Auccession  and  superposition  of 
rocki^,  184. 

Oi^anic  fossil  remains ;  see  Chap.  II.  et 
passim. 

Orthoceratite,  a  straiglit  or  slightly  bent 
chambered  cylindrical  fossil  shell,  106, 
142. 

Ovorlying  formatioiH,  139. 

Outctop  of  strata,  60. 

Oxford  or  Clunch  Clay,  202. 

Pachyderraata,  or  thick-skinned  animals, 
fossil  remains  of,  30,  232,  336. 

Paleotherium,  282. 

Pallan,  Professor,  his  theory  on  the  form- 
ation of  valleys,  360. 

Papandayang,  volcano  of,  swallowed  up, 
260. 

Paris  strata,  220,  282,  233. 

Passage  of  one  rock  into  another  by 
change  of  composition  or  structure ;  see 
81, 141, 142, 869,  et  passim. 

Passages  of  the  Alps,  height  of,  889. 

Peak  of  Tenerifle,  255. 

Peat  moors  and  bo^,  829 ;  formation  of, 
881 ;  human  bodies  preserved  in,  882 ; 
fossil  remains  in,  887. 

Pentacrinites ;  see  Encrinites.  They  dif- 
fer from  the  latter  fossil,  in  having  a 
Eentagonal  stem  and  branches,  27 ;  a 
vins  pentacrinus,  27. 

Pert0  &  Rhone,  218. 


Petrifaefloiii:  aee  Cbap.  II.  et 

Phoooate,  or  ClInk-slODe,  141. 

Phosphoric  add,  87. 

Pitchstone,  141. 

Playfair,  Professor,  845. 

Piesiosaurus,  29, 196. 

Plumbago,  or  Graphite,  or  Blacklead,  ]2I» 
864. 

Porphyritic  granite,  66 ;  pcnphy ritic  trip, 
141, 142, 144. 

Porphyry,  deticriptioa  of,  90;  difieraol 
formadons  of,  91 ;  ita  paiage  into  trip 
rocks  and  granite,  141, 142 ;  into  sieii* 
ite,  144;  volcanic  porphyry  or  tra- 
chyts,  870;  green  porphyry  of  Aa- 
vergne,  271. 

Portluul  stone,  a  species  of  oolite,  208. 

Pot-stone,  or  Lapis  OUaris,  87. 

PotasH,87. 

Pozzolana,  a  speeies  of  volcanic  tnfii,  281. 

Prehnite,  but  recently  discovered  in  Eng- 
land, 155. 

Primary  or  Primitive  Rocks,  8,  and  Chip. 
V.  and  VI. 

Primary  Limestone,  84,  85. 

Protogine,  or  Chlontic  Granite,  66. 

Pseudo  volcanoH,  272. 

Pudding-stone,  44. 

Pumice-stone,  276. 

Purbeck  limestone,  208,  212. 

Puy  de  Dome,  in  Auvergne,  270. 

Puy  de  Pariou,  266. 

Pyrites,  23  ;  in  alum  shale  and  lias,  196 : 
ignite  if  exposed  to  wet,  272. 

Quader  sandstcin,  205. 
Quartz,  38. 
Quartz  rock,  105. 

Quito,  mountains  of,  one  immense  vdca- 
cano,  263. 

Radiated  animals,  26. 

Red  roarle  and  sandstone,  178;  varieties 
of,  and  difficulties  attending  the  classi- 
fication of,  179;  formations  in  France 
and  England  compared,  179-181 ;  form- 
ed partly  by  the  decomposition  of  sien- 
itc  and  trap,  181 — 188 ;  rock-salt  and 
gyp<um  in  red  marie,  183 — 185;  on 
searching  for  coal  under  red  sandstone, 
130;  red  sandstone  of  Rochdale,  192; 
foot-marks  of  a  quadruped  in  red  sand- 
stone, 192. 

Repositories  of  metallic  ores,  309. 

Retinasphaltum,  227. 

Rhinoceros,  fossil  remains  of,  335. 

Rivers,  their  action  not  sufficient  to  ex- 
plain the  formation  of  valleys,  346. 

Rocks,  clarification  of,  7 ;  structure  of, 
48—46;  relative  ages  of,  54;  relative 
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ry  tnd  tMiiite,  142,  144;  craten  in, 
«I48;  porpbyritic,  144;  nearly  allied 
to  vdeanic  rocks,  141,  et  pa$9im, 

Tiilobite,  a  fbsiil  insect,  the  bodv  divi- 
ded into  three  lobes.  The  fftjeantic 
trilobite,  the  most  ancient  inhabitant 
of  die  globe,  27, 101—106,  and  Plate  6. 

Trochus— Trochites,  fossil  univalve  shells, 
diaped  like  a  top,  first  found  in  lias  and 
oolite,  200. 

Tufa,  calcareous,  827. 

Tufii,  volcanic,  269 ;  beds  of,  279. 

Vale  of  Thames,  226,  227. 
Valley  of  les  EscheUes,  224, 847. 
Vallejrs,   longitudinal,  68;    transversal, 

06 ;  lateral,  56 ;  formation  of,  theories 

respecting.  Chap.  XIX. 
Vegetable  matter  converted  into  coal, 

186,126.  . 
Vegetable  fossil  remains,  81,  120—124, 

211. 
Veins,  metallic,  rake,  flat,  accumulated, 

direction  of,  296,  8ic. 
Verde-antique,  87. 
Vertebrated  animals,  26,  28, 178. 
Vertical  straU,  60,  70 ;  in  the  Alps,  80, 

166;  in  the  Isle  of  Wi|ht,  241. 
Vesuvius,  eruptions  of,  254,  256. 
Unconformable  rocks,  66, 187;  igneous 

origin  of,  187. 
Upper  secondary  rocks,  172 ;   the  flcetz 

rock  of  Werner,  172 ;  remains  of  ver^ 

tebrated  animals  first  occur  in  these 

rocks  ?  178 ;  classification  of,  174. 
Upper  freshwater  limestone,  289. 
Volcanic  fire,   scat  of,  below  primary 

mountains,  77 ;  observations  on,  281, 

282. 
Volcanic  rocks  and  products,  272,  280. 
Volcanic  porphyry,  264, 271. 
Volcanos  and  Eartfiquakes,  their  connec- 
tion, 247;  description  of  their  eruptions. 


261,258;  periods  of  their  repOK,  2M ; 
height  of,  266;  submarine  vdcanos, 
266 ;  mud  volcanos,  267 ;  volcanos  in 
different  parts  of  the  world,  259;  eon- 
nection  of  distant  volcanos  with  each 
other,  259;  destruction  of  volcanos, 
260 ;  ancient  volcanos,  268 ;  their  vast 
magnitude,  268;  volcanos  of  Auvergne 
extinct,  description  of,  265—270 ;  vol- 
canos without  craters,  256. 

Von  Buch  on  porpbyritic  rocks,  142. 

Vosges,  mountains  of,  180 ;  agree  with 
the  geology  of  Chamwood  Forest,  180. 

Uralian  and  Altaic  mountains  formed  of 
granite,  72. 

Wacke,  a  soft  earthy  basalt,  140. 
Watt,  Mr.  Gregory,  experiments  on  ba- 
salt, 159. 
Weald  Clay,  212. 
Webster,  Mr.  on  the  strata  of  the  Ids  of 

Wight,  241. 
1  Wemerian,  or  Neptunian  system,  161, 

802,844. 
We  vmouth,  burning  Cliffii  near,  195, 212. 
Whinstone ;  see  Bualt. 
Whinstone  sUl,  a  bed  of  basalt,  156. 
Whitby  in  Yorkshire,  alum  works,  195, 

197. 
Wight,  Isle  of;  289 ;  tertiary  strata,  241 ; 

vertical  beds  and  fossil  remains  c^  the, 

242. 
Wobum  iron-sand,  209. 
Wren's  Nest  Hill  near    Dudley,  158, 

872. 
Yellow  River,  mud  brought  down  by  it, 

821. 

Zetchstein,  or  Magnesian  Limestone,  177. 

Zoological  classification,  25. 

Zoophytes,  animals  approaching  in  form 
to  vegetables,  such  as  corals  and  mad- 
repores, 26. 
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PREFACE. 


This  outline  of  my  course  of  geological  lectures,  is  to  be  re- 
garded, as  a  skeleton,  furnished  indeed  with  some  of  the  princi- 
ple muscles  ;  but,  destitute  of  the  color  and  finish,  of  a  perfect 
form.  To  my  pupils,  to  whom  it  has  particular  reference,  it  may 
serve  both  as  a  guide  and  a  review,  and  should  it  prove,  in  any 
degree,  useful  to  others,  I  shall  be  gratified.  It  is  intended  as 
an  outline  of  the  philosophy  of  geology  ;  according  to  the  best 
views,  which  I  have  been  able  to  take  of  the  subject  Those  who 
may  peruse  it,  will,  however,  do  me  the  justice  to  believe,  that 
in  the  progress  of  the  lectures,  full  details  are  given,  and  nume- 
rous specimens  of  rocks  exhibited,  both  Foreign  and  American,  in 
the  order  proposed,  with  ample  descriptions  of  their  mechanical 
and  chemical  constitution — their  organized  remains,  and  the 
order  of  their  arrangement  and  connexion,  and  some  subjects  are 
discussed  which  are  not  even  mentioned  in  this  general  sketch. 
As  it  is  the  fashion  of  the  day,  to  attribute  almost  every  thing  in 
the  earth  to  igneous  agency,  I  shall  probably  be  thought  to  be 
behind  the  present  state  of  opinion,  while  I  maintain,  that  the 
chemical  affinities,  through  the  medium  of  aqueous  solutions  of 
the  great  chemical  agents — as  well  as  of  water  itself,  have  also 
produced  important  effects  in  the  early  arrangements  of  the 
planet. 

If  Werner  attributed  too  much  to  these  causes,  may  there  not 
be  danger,  at  this  day,  of  vibrating  to  the  opposite  extreme  ?  It 
is  indeed  already  proved,  that  igneous  agency  has  been  vastly 
more  extensive  than  was  formerly  believed,  and  it  is  probable  that 
evidence  of  this  kind  will  accumulate,  as  the  researches  of  well 
instructed  geologists  are  directed,  more  and  more,  to  this  impor- 
tant topic.    But,  why  exclude  any  of  the  great  powers,  which  wo 
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find  in  actual  operation  ;  or,  of  whose  ancient  activity  there  ap- 
pears probable  evidence  ? 

In  the  absence  of  positive  evidence,  it  is  perfectly  justifiable  to 
reason,  analogically,  upon  facts  and  principles,  well  ascertained 
by  experiment  and  observation ;  always  bearing  in  mind,  howev* 
er,  that  there  are  probably  many  agents  and  agencies,  of  which 
we  are  still  ignorant,  and  that  the  discovery  of  some  new  power, 
or  of  some  new  mode  of  operation  in  those  already  known,  might, 
very  materially  alter,  nay,  perhaps  entirely  subvert  conclusioiii, 
in  which  we  have  been  accustomed  to  repose  unlimited  confi- 
dence. Such  a  train  of  thought  is  far  irom  being  agreeable,  for 
we  are  always  prone  to  reason,  on  every  subject,  as  if  we  under* 
stood  the  whole  matter ;  but,  the  history  of  science  has  abundaal- 
ly  proved  that  philosophy,  after  building  splendid  systems,  has, 
in  consequence  of  its  own  discoveries,  been  often  obliged  to  re* 
turn  to  the  humble  task  of  learning  its  elements  anew. 

The  arrangement  implied  in  the  following  sketch  is,  it  will  be 
perceived,  founded  upon  the  great  outlines  of  the  Wernerian  plao. 
Whatever  may  be  the  errors  and  imperfections  of  that  system, 
(for  it  undoubtedly  has  both,)  its  great  outlines  still  appear  to  be 
founded  in  truth,  and  to  present  the  best  clew  to  conduct  the 
young  pupil  through  the  labyrinths  of  geology.  It  has  become 
fashionable  to  decry  Werner ;  but,  without  being  his  blind  ad- 
mirer, I  may  be  permitted  to  ask,  who  has  done  more  for  geol- 
ogy, and  who  has  done  it  better  ? 

The  author  of  this  sketch  begs  leave  to  add,  that,  desirous  of 
following  truth  only,  he  has  kept  himself  disentangled  from  the 
prevailing  geological  systems ;  and,  although  trained  in  geology 
principally  at  Edinburgh,  in  the  schools  both  of  fire  and  water* 
he  is  neither  Wernerian  nor  Huttonian,  Neptunian  nor  Plutonist; 
but  simply  a  student  of  fapts — a  learner,  from  those  who  cer- 
tainly know  more,  and  a  teacher  to  those  who  may   possibly 
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know  less.  Being  habitually  occupied,  as  a  part  of  bis  public 
duties,  in  presenting  to  his  pupils,  the  great /acl«  of  geology,  and 
in  reasoning  upon  them;  he  accepts,  with  equal  readiness,  the 
agency  o(  fire  or  water,  or  other  agents,  as  they  may  appear  best 
adapted  to  explain  a  given  effect,  and  he  has  no  hesitation  in  call* 
ing  in  the  aid  of  all  the  great  natural  powers,  whether  mechanical 
or  chemical)  as  there  may  be  occasion. 

So  far  as  the  following  arrangement  is  founded  upon  the  Wer« 
nerian  plan,  it  is  one  of  convenience  merely,  and  therefore  there 
is  no  hesitation  in  deviating  from  it,  or  in  substituting  other  views, 
when  they  appear  preferable. 

Had  Werner  lived  till  this  time,  he  would  probably  have  ad* 
mitted  that  the  differences  between  the  trap  rocks  and  the  lavas 
have  become  evanescent,  and  that  it  is  certainly  possible,  if  not 
probable,  that  they  may  have  had  a  similar  origin. 

On  the  other  hand,  those  authors  who  banish  the  transition 
class  of  rocks,  being  still  obliged  to  describe  such  rocks,  (because 
they  exist,  and  cannot  be  annihilated  by  the  stroke  of  th^  pen, 
which  erases  them  from  an  artificial  system)  are  compelled  to  di* 
vide  them  between  the  primitive  and  secondary  rocks,  which  pro- 
duces confiision  and  inconvenience,  and  destroys  the  distinctness, 
which,  to  a  great  degree,  marks  the  three  great  divisions  of  prim- 
itive, transition  and  secondary.  The  rocks  of  North  AmeHca,  as 
far  as  they  have  been  examined,  correspond,  in  general,  remarka* 
biy  well  with  the  great  outlines  of  Werner ;  and  who  in  North 
America  has  done  so  much  to  develop  the  grand  features  of 
our  geology,  as  the  American  Werner,  William  Maclure, 
whose  industry  and  acumen  are  equalled  only  by  his  candor  and 
ireedom  from  the  bias  of  system. 

The  views  presented  in  this  sketch  have  not  been  adopted^ 
without  full  consideration  of  the  facts  upon  which  they  are 
fi)unded. 

The  study  of  those  facts  seems  necessarily  to  conduct  us  to  the 
conclusion,  that  the  proofe  of  both  succession  and  revolution, 
connected  with  time,  and  with  both  order  and  disorder,  which 
are  so  abundant  and  decisive  in  the  crust  of  our  planet,  cannot 
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all  be  referred  to  tlic  deluge.  That  great  convulsion  is  indeed 
recorded  on  the  surface  of  the  earth  in  indelible  characters,  and 
it  is  impossible  to  weigh  the  evidence  which  geol<^  presents  ia 
support  of  it,  without  admitting,  independently  of  history  or  tra- 
dition, that  it  has  happened.  The  facts  that  must  be  referred 
to  it,  are  numerous,  and  highly  important  and  interesting. 

But  it  is  impossible,  upon  any  sound  principles  of  philosophical 
reasoning,  to  refer  to  the  same  event — a  still  more  extensive,  va- 
rious and  interesting  class  of  facts,  relating  chiefly  to  the  rocki 
composed  of  ruins  and  fragments,  and  to  those  containing  organ- 
ized remains,  in  a  mineralized  and  consolidated  state,  entombed 
in  the  solid  strata  and  mountains.    This  is  a  vast  field  of  observa- 
tion and  instiuction,  and  it  is  less  known  even  to  the  greater 
number  of  intelligent  and  educated  persons,  than  almost  any  de- 
partment of  knowledge.     None  but  geologists  study  it  with  dili- 
gence, and  none  who  have  not  made  themselves  masters  of  the 
fiwts,  are  qualified  to  judge  of  their  importance  and  of  their  bear- 
ing.   The  subject  requires^  for  full  illustration,  the  exhibition  of 
a  great  many  facts,  either  in  the  fields,  mines  and    mountaim, 
or,  as  an  imperfect  substitute,  in  the  cabinet.    Persons  who  are 
entirely  destitute  of  this  species  of  information,  can  never  have 
formed  the  habit  of  comparing  one  fact  in  geology  with  anoth- 
er, and  of  thus  estimating  their  relation  to  each  other,  and  to 
the  entire  planet.     It  is  very  difficult  to  find  access,  on  this  sub- 
ject, to  many  minds,  otherwise  enlightened,  and  habituated  to  re- 
ceive and  weigh  evidence  with  candor  and  intelligence.    The 
renson  obviously  is,  that  they  are  not  in  possession  of  the  first  el- 
ementary conceptions  of  the  subject ;  if  the  facts  are  not  denied, 
they  are  neglected,  and  fail  to  make  the  impression  on  the  ffliad 
which  they  must  always  produce,   when  fully  understood  aod 
realized.     No  well  instructed  geologist  hesitates  to  refer  them  to 
an  earlier  period  than  the  deluge,  and  to  a  widely  diflferent  order 
of  things. 

This  distinction,  it  will  be  seen,  pervades  the  following  sketch, 
and  the  writer  believes  that  no  consistent  and  rational  account  (rf 

the  structure  of  the  earth  can  be  given  upon  any  other  plan. 

•  «  «  «  #  « 


PREFACE.  7 

Are  the  discoveries  of  geology  consistent  with  the  history  con- 
tained in  the  book  of  Genesis? 

Respecting  the  deluge,  there  can  be  but  one  opinion,  and  that 
opinion  has  been  already  stated ;  geology  fully  confirms  the 
scripture  history  of  that  event. 

There  is  doubtless  more  difficulty  as  to  the  earlier  periods;  but 
the  writer,  after  studying  the  subject  for  many  years,  has  formed 
the  opinion,  that  the  geological  facts  are  not  only  consistent  with 
sacred  history,  but  that  their  tendency  is  to  illustrate  and  con- 
firm it. 

It  is  true,  that  the  Bible  is  not  a  book  of  physical  science,  and 
that  its  allusions  to  physical  subjects  are,  in  the  main,  adapted  to 
common  apprehensions.  Still,  there  are  two  great  events  re- 
corded in  it,  which,  although  they  have  a  momentous  moral  bear- 
ing, are,  in  their  nature^  entirely  physical ;  we  allude  to  the  crea- 
tion and  arrangement  of  the  planet,  and  to  the  deluge  which  was 
made  to  sweep  over  its  surface.  Why  should  any  one  refuse  to 
attend  to  a  history  of  these  two  stupendous  events,  merely  be- 
cause that  history  professes  to  have  proceeded  from  the  same  au- 
thor as  the  work  itself;  and  why  should  we  suppose  that  the 
brief  notices  of  the  great  physical  facts,  connected  with  a  phys* 
teal  creation  and  a  physical  destruction^  are  not  correctly  stated, 
in  this  earliest  and  most  venerable  of  histories? 

If  all  our  discoveries  regarding  the  surface  and  the  interior  of 
the  planet  tend,  when  properly  understood,  to  confirm  the  credibil- 
ity of  both  these  events,  and  to  enable  us  to  discriminate  between 
the  circumstances  and  evidence  which  belong  to  them  respective- 
ly— what  moral  consideration  can,  in  this  case,  forbid  a  happy 
application  of  the  discoveries  of  science,  and  why  should  science 
refuse  to  lend  its  aid  to  the  support  of  moral  truth ! 

Yale  Colleox;  January  12,  1829. 

REMARK. 

The  succeeding  sketch  is  not  intended  to  contain  minute  de- 
scriptions of  rocks,  but  is  occupied,  principally,  with  their  general 
characters — their  probable  origin  as  regards  the  immediate  phys- 
ical agents,  and  the  order  of  time  in  which  they  were  deposited. 
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GENERAL  OBJECT  OF  GEOLOGY. 

The  object  of  this  science  is  to  ascertain  as  far  as  possible,  the 
structure  of  the  earth ;  the  nature  of  the  mineral  aggregates 
which  it  contains  ;  the  disposition,  or  arrangement  of  these  ag- 
gregates, forming  the  great  masses  called  rocks  ;  the  relative 
position  and  nature,  of  the  rocks  themselves ;  the  useful  substan- 
ces which  they  contain ;  the  common  or  natural  associations  of 
these  with  other  substances ;  the  proximate  causes,  which  have, 
probably,  given  the  mineral  masses  their  present  form  and  posi- 
tion ;  and  those,  which,  operating  upon  them  still,  are  causing 
them  to  undergo  alterations,  more  or  less  considerable,  and  are 
even,  in  some  instances,  producing  changes,  which  will  ultimately 
give  them  new  forms  of  existence. 

positive  and  speculative  geology. 

It  is  obvious,  therefore,  that  geology  is  erected  upon  facts,  and 
not  upon  mere  speculation ;  yet,  speculation  is  with  propriety 
admitted,  as  a  part  of  the  means  of  advancing  the  science ;  in 
some  cases  it  is  an  important  part,  but  it  is  of  no  value  if  not 
founded  upon  facts,  and  facts  must  never  be  contradicted  by  it. 

Positive  geology  is  incomparably  more  important  than  specu- 
lative, and  it  proceeds,  like  the  other  natural  sciences,  upon  a 
careful  examination  of  particulars.  From  particulars,  it  ascends 
to  generals,  and  upon  these,  builds  legitimate  conclusions.  Thus, 
there  is  a  clear  distinction  between  geological  theory  and  geolog- 
ical hypothesis.  The  former  draws  conclusions  directly  from 
facts,  and  follows  strictly  the  inductive  course.  It  has  therefore 
the  same  foundation,  as  general  physics  ;  and  its  conclusions  of« 
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ten  approximate  to  demonstration.  The  latter  also  appeals  to 
facts,  but,  in  a  manner  less  conclusive  and  it  makes  suppositions 
of  facts,  not  actually  proved  to  exist  For  instance:  when  we 
observe,  that  vast  quantities  of  aerial  agents,  especially  of  steam, 
are  ejected  from  volcanos,  we  reason  conclusively,  that  these 
agents  are  employed  to  raise  the  lava,  and  that  they  cause  it  to 
flow  over  the  crater  or  to  burst  through  the  side  of  the  mountain; 
for,  we  know,  from  familiar  facts,  and  experiments,  that  these 
agents  have  power  enough  to  produce  such  an  effect ;  we  know, 
that  in  the  case  supposed,  they  are  present  in  sufficient  quanti- 
ties, and  we  are  ignorant  of  any  other  causes,  that  might  produce 
these  effects,  or  that  may  be  believed  to  exist  in  these  circaoh 
stances.  But,  when  we  enquire  for  the  causes  of  the  heat  that 
produces  the  steam,  and  evolves  the  other  aerial  agents,  we  are 
obliged  to  speculate.  We  may  say,  perhaps,  that  the  voltaic  or 
galvanic  powers  are  the  principal  agents,  and  we  may  even  render 
it  highly  probable,  nay,  quite  credible  ;  but,  we  cannot  prove  the 
fact,  and  therefore,  our  solution  rests  as  an  hypothesis ;  but,  of 
that  class  of  hypotheses  which,  being  built  upon  analogous  facts, 
approximate  to  legitimate  theory. 

If  we  reason  concerning  the  cause  of  the  magnetism  of  the 
earth,  we  may  suppose,  that  there  is  a  great  mass  of  magnetic 
iron  within  the  planet ;  but,  this  is  an  hypothesis  of  a  lower  or- 
der than  the  one  just  named  ;  because,  we  have  no  analogies  to 
support  our  conclusion,  except  that  iron  can  become  magnetic 
and  that  the  mean  specific  gravity  of  the  earth  is  about  5.,  water 
being  1.;  and  we  invent  the  cause,  on  purpose  to  account  for 
the  effect.* 

Positive  geology  is  every  day  augmenting  its  already  rich  stores 
of  facts  ;  and  speculative  geology  is  building  its  conclusions  upon 
a  basis,  which  time  is  rendering  more  and  more  solid. 


*  The  beautiful  fossil  fish  found  in  marly  lime  stone,  in  Mount  Bolca,  inform  ot  tbat 
they  were  living  and  active  beings,  just  before  those  hills  were  deposited,  and  when 
the  waters  stood  over  the  place  where  they  now  are  ;  this  is  a  pregnant  truth— bat, 
if  we  say,  with  some,  that  they  were  overwhelmed  by  a  volcanic  eruption,  we  spac- 
ilUte»  some  would  think  plausibly,  others  fancifully. 
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V 


LIMITS    or    OUR    KNOWLEDGE    OF    THE    EARTH. 

It  is  only  the  crust  of  our  earth  that  we  can  examine  ;  a  few 
thousand  feet,  or,  at  the  utmost,  a  few  miles  of  its  outer  rind. 
We  no  longer  attempt,  by  a  brilliant  excursion  of  the  imagina- 
tion, to  account  for  its  present  form ;  poetry  and  fiction  have 
ceased  to  perform  the  work  of  philosophy  ;  those  obsolete  theo- 
ries, or  rather  hypotheses — many  of  them  adorned  by  the  elo- 
quence of  powerful  minds — which  substituted  waking  dreams  for 
the  patient  examination  of  facts,  are  no  longer  regarded,  except 
as  monuments  of  the  restless  activity  of  the  human  mind  ;  which 
is  inclined  to  repose  on  almost  any  hypothesis,  however  visiona- 
ry, rather  than  to  confess  its  weakness  and  ignorance.  Buffon 
could  believe,  that  the  earth  was  struck  off  from  the  sun,  by  the 
tail  of  a  comet,  while  it  remains  to  be  proved,  that  a  comet  has 
any  palpable  matter,  where  we  observe  that  peculiar  effulgence ; 
or  even  if  there  is,  that  the  firm  globe  of  the  sun,  would  receive 
injury  from  such  a  collision  ;  any  more  than  a  cannon  ball  would 
be  broken,  by  the  stroke  of  an  iron  rod.* 

A  great  number  of  highly  qualified  men  are  now  occupied 
in  geological  researches  ;  they  bring  to  the  investigation,  all 
requisite  science — the  habit  of  careful  induction,  and  the  indus- 
try and  patience,  which  are  demanded ;  and  the  progress  made 
in  these  enquiries,  since  the  commencement  of  this  century,  is 
wonderful.  Districts,  provinces,  countries  and  even  continents 
are,  more  or  less,  extensively  surveyed  ;  and  this  kind  of  research, 
favored  by  the  propensity  for  travelling,  to  which  it  affords  both 
a  high  incitement  and  constant  gratification,  will,  doubtless,  con- 
tinue to  be  extended,  until  there  shall  be  no  countries  unexplored, 

*  The  geological  student  may  find  a  spirited  outline  of  the  most  prominent  geo- 
loglod  hypotheses  in  Cuvier's  Introduction  to  Geology ;  they  may  be  read  as  a 
matter  of  amusement ;  but  it  will  be  easily  perceived,  that  they  bear  no  closer 
analogy  to  modern  geology,  than  the  visions  of  Alchemy  sustain  to  modem  chemis- 
try. 
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except  those  from  which  the  scientific  traveller  is  debarred,  by  in- 
superable moral  or  physical  impediments. 

Geology  is,  therefore,  now  entitled  to  a  rank  among  the  phys- 
ical sciences,  and  is  entirely  worthy  of  the  attention  of  the  great- 
est minds. 

In  grandeur,  it  falls  indeed  short  of  astronomy  ;  and  what 
physical  science  does  not ;  since,  astronomy  presents  to  our  op- 
tics, or  to  our  intellectual  vision,  the  ^^  great  frame  work*^  of  the 
universe  ;  we  pass  from  the  view  of  our  own  planet  to  the  entiie 
planetary  system,  of  which  our  earth  is  a  member ;  and  from  this 
system,  to  other  and  similar  systems  ;  and  to  the  immense  systen 
of  systems — of  suns  innumerable,  with  their  attendant  worlds,  a^ 
ranged  and  connected,  in  perfect  harmony  ;  performing  all  their 
revolutions  without  interference,  or  irregularity,  and  illustratiog 
the  power  and  wisdom  and  sustaining  energy,  of  the  omnipotent 
Creator  and  Governor.  Still,  the  structure  of  a  single  planet  is  a 
subject  of  great  interest  and  of  no  small  grandeur  ;  especially  ai 
we  may  reason  from  it  analogiccdhj^  although  not  indeed  con- 
clusively, respecting  the  structure  of  other  planets.* 

MODES    or    INVESTIGATION    AND    SOURCES    OF    OUR    KNOWLEDGE. 

Our  direct  penetration  into  the  earth,  by  mines,  the  deepest 
excavations  of  art,  has  scarcely  exceeded  three  thousand  feet  or 
a  little  more  than  half  a  mile,  not  y^Vo  P^^t  of  the  earth's  di- 
ameter or  j^'ft?  P^"**  ^f '^8  radius. 

It  might  therefore,  at  first  view  seem  that  we  can  attain  only  a 
very  slight  knowledge  of  the  internal  structure  of  the  planet,  and 
that  it  would  be  idle  to  attempt  to  reason  respecting  that  of 
which  we  can  see  so  little.  Still,  we  are  not  without  probable 
grounds  of  reasoning  correctly  upon  this  subject,  for  we   have 


*  The  only  positive  knowledge  which  we  possess  on  this  subject  is  derived  from 
the  meteoric  stones  whose  foreign  origin  cannot  be  reasonably  doubted. 

The  observations  made  by  telescopes,  upon  the  moon,  have  discovered  a  sur&ce 
similar  to  that  of  our  earth,  but  vastly  more  mountainous  and  as  it  is  now  thought 
highly  volcanic.    See  our  author,  Appendix,  p.  386. 
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Tarioas  sources  of  information  and  means  of  perusing  the  inter- 
nal  disposition  of  our  globe ;  the  most  important  are  derived,  from 

1.  The  obliquity  of  the  strixia. 

The  strata  or  natural  beds  of  rocks  are  found  in  all  positions, 
from  the  perfectly  vertical,  to  the  perfectly  horizontal.  Were 
they  all  horizontal,  it  is  obvious,  that  the  edges  could  come  into 
Tiew,  only  on  the  sides  of  mountains,  in  the  banks  of  rivers,  in 
promontories,  &c.  and  in  artificial  excavations ;  and  that,  in  a 
tolerably  level  country,  we  might  travel  over  many  leagues,  and 
see  very  little  change  in  the  rock  formations. 

But  if,  as  happens  in  most  countries,  the  strata  are  inclined  to 
the  horizon,  then,  their  edges  must  of  course,  come  into  view, 
provided  their  obliquity  does  not  change,  and  provided  the  rocks 
are  not  concealed  by  their  own  ruins,  or  by  the  general  soil. 
Thus  strata,  that  in  a  given  situation  are  many  miles  below  the 
surface,  may,  and  necessarily,  must,  (under  the  limitations  above 
specified)  come  into  view,  and  crop  out^  as  it  is  technically  term- 
ed, in  some  place  or  another.  Could  we  suppose,  that  for  many 
leagues  of  surface,  measured  on  a  right  line,  the  soil  and  diluvi- 
um were  completely  removed,  fi^om  a  series  of  rocks,  inclined 
to  the  horizon,  then,  their  edges  would  come  fiilly  into  view, 
and  we  could  have  no  reasonable  doubt  that  we  should  see 
an  adequate  representation  of  the  subterranean  geography,  as 
far  as  those  strata  extended ;  and  probably  for  many  leagues — 
it  might  be  even  for  hundreds  of  miles  beneath  the  surface.  The 
same  remark  will  of  course  apply  to  the  strata  that  are  vertical, 
and  indeed  to  those  in  all  positions,  except  the  perfectly  flat ; 
and  even  then,  we  are  not  without  means  of  studying  them  in  the 
modes  ahready  suggested,  or,  which  will  be  immediately  indicated. 

2.  Horizontal  position  of  the  strata. 

Strictly,  this  is  a  position  parallel  to  the  general  curve  of  the 
carth^s  surface,  considered  without  reference  to  its  superficial  in- 
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equalities;  those  inequalities  themselyes,  that  is  the  hills  and 
mountains  being  supposed  to  have  a  similar  structure.  In  that 
case,  it  is  certain,  that  were  this  position  strictly  preserved  and 
were  there  no  perforations  and  ruptures  of  the  strata,  by  artifi- 
cial or  natural  causes,  we  should,  except  in  the  sides  of  hills  and 
mountains,  see  only  the  upper  stratum  of  rock,  and  our  knowledge 
of  the  geology  of  the  region  in  question,  would  be  confined, 
very  nearly,  to  the  visible  material  beneath  our  feet. 

We  are  not  informed  as  to  the  figure  of  the  nucleus  of  tbe 
earth,  but,  if  it  be  irregular  or  even  not  globular,  tbe  strata 
deposited  upon  its  different  sides,  or  surfaces,  may  exhibit  every 
degree  and  variety  of  obliquity  ;  and  the  stratum,  which,  in  a  giv- 
en situation,  appears  horizontal,  may  in  feet,  copy,  not  the  great 
curve  of  the  earth,  but  a  plane,  which  if  continued,  would  take 
off*  a  segment  of  the  globe,  and  thus  the  edges  of  the  strata 
would,  at  their  exit  from  the  ground,  come  distinctly  into  view, 
although  the  surface  of  the  country  should  be  horizontaL 

It  is  impossible  to  say  whether  the  earth  has  a  solid  nucleus  or  not 
If  it  has,  and  this  nucleus  is  any  thing  but  a  sphere  or  a  spheroid- 
al figure,  then  the  various  faces  which  it  would  present,  might 
cause  the  superposited  strata  to  assume  every  position  from  flat 
to  vertical,  and  there  would  be  no  occasion  to  admit  that  strata, 
originally  arranged  in  one  position,  had  been  by  force,  elevated 
into  another. 

If  we  admit  a  nucleus  having  plane  faces,  or  faces  not  sphe- 
roidal, and  allow  that  the  crust  of  the  globe  has  been  acco- 
mulated  around  the  nucleus,  then  it  would  be  possible,  that 
planes  of  stratification  might  extend  through  a  large  portioo 
of  the  planet,  and  might  even  jut  out  on  opposite  sides.  If  this 
suggestion  were  well  founded,  then  the  view  of  the  crust  might 
present  a  fair  specimen  of  the  interior,  or  at  least  to  a  consider- 
able extent  The  nucleus  would  however,  by  the  suppositioo, 
be  covered  by  the  superimposed  masses,  which  might,  or  might 
not  correspond  with  it  in  their  nature. 

If  there  be  no  mistake  in  the  conclusions  of  the  British  and 
French  philosophers  as  to  the  high  mean  specific  gravity  of  the 
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earth,  the  planet  is,  on  an  average,  at  least  twice  as  heavy  as  the 
most  common  rocks  and  stones  with  which  we  are  acquainted. 

Does  this  discovery  imply  a  prevalence  of  metals  in  the  interi- 
or  of  the  earth  ?  Is  the  nucleus  iron,  or  at  least  is  iron  diffused 
ID  great  abundance  in  the  interior  of  the  earth,  and  does  this  ac- 
count for  the  magnetism  of  the  globe,  although  the  magnetism  of 
iron  itself  is  still  to  be  accounted  for  ?  Or  does  some  other  metal 
or  do  some  other  metals,  of  considerable  specific  gravity,  prevail 
in  the  constitution  of  the  earth  ?  If  there  were  known  to  be  a 
nucleus  of  silver,  gold  or  platina,  there  would  soon  be  found  ad- 
venturers hardy  enough  to  attempt  even  the  centre. 

Where  we  are  deficient  in  positive  knowledge,  we  are  at  liberty 
to  make  suppositions,  provided  they  are  consistent  with  the 
known  constitution  of  things. 

It  is  then  clearly  possible,  that  matter,  of  the  same  kind  as  that 
which  forms  the  rocky  strata,  on  the  surface,  may  exist  below,  in 
a  degree  of  condensation,  sufficient  to  account  for  the  high  spe- 
cific gravity  of  the  earth.  We  are  not  without  examples  in  nat- 
ural substances. 

Carbon,  in  diamond,  is  three  or  four  times  as  heavy  as  in  the 
bitumens,  and  six  or  eight  times  as  heavy  as  in  charcoal ;  alumine 
in  sapphire  sustains  a  similar  relation  to  the  alumine  of  clays, 
and  so  does  magnesia  in  the  state  of  pulverulent  native  carbonat, 
or  mountain  cork,  to  magnesia  in  the  boracite,  or  in  the  chryso- 
lite, and  silex  in  swimming  flint,  (quartz  nectiquc)  and  in  rock 
crystal,  are  in  a  similar  situation. 

It  is  possible,  therefore,  that  the  very  minerals  which  we  see  on 
the  surface,  may,  in  the  interior  of  the  earth,  have  a  double  spe- 
cific gravity. 

It  is  a  splendid  conception,  built  upon  the  discoveries  of  Sir  H. 
Davy  and  ProC  Berzelius,  that  the  metals  of  the  earths,  and  not 
merely  the  earths  themselves  may  exist  in  the  interior,  and  thus 
the  nucleus  of  the  planet  may  be  principally  a  mass  of  metals, 
as  its  crust  certainly  is  of  metallic  oxids. 

All  these  views  tend  to  shew,  that  it  is  possible,  to  reconcile 
the  apparently  contradictory  specific  gravity  of  the  surface  and  of 
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the  entire  mass  of  the  earth ;  and,  were  this  the  proper  occasiop, 
it  might  be  easily  proved,  that  these  views  are  very  interesting  to 
general  physics,  and  particularly  to  geology,  in  enabling  us  to 
understand  the  phenomena  of  earthquakes  and  volcanos. 

But,  for  want  of  positive  information  as  to  the  state  of  facts,  it  is 
impossible  to  reason  conclusively  on  this  subject,  and  the  recent 
researches  of  Cordier  tending  to  prove  the  existence  of  a  state  of 
igneous  fusion  in  the  interior  of  the  earth  and  at  no  very  profound 
depth,  must,  if  confirmed,  very  materially  influence  our  opinions. 
But  philosophers  will  be  slow  to  admit  such  appalling  conclu- 
sions fjrom  the  premises  hitherto  presented. 

3.  Mines. 

The  excavations  made  in  mining  are  the  greatest  with  which 
we  are  acquainted.  The  deepest  mine  in  the  world,  that  of  Tnit- 
tenberg  in  Bohemia,  penetrates  three  thousand  feet  into  the  earth. 
In  all  mines,  the  strata  are,  of  course,  more  or  less  perforated  and 
broken,  so  that  we  obtain  the  most  satisfactory  information— 
as  to  the  nature  of  the  rocks  and. their  disposition.  Few  of  the 
mines  of  England  are  in  perpendicular  descent,  deeper  thaa 
twelve  hundred  feet  (Dolgoath  in. Cornwall)  and  none  in  the  Uni- 
ted States  exceed  three  or  four  hundred,  (Richmond  coal  mines.) 

4.  Welh. 

The  evidence  aflforded  by  wells  is  of  the  same  nature.  The 
depth  attained  rarely  equals  one  hundred  feet,  but  in  some  in- 
stances it  extends  to  two  hundred,  three  hundred,  four  hundred, 
&c  as  at  Carisbrooke  castle  in  the  isle  of  Wight,  on  the  plainer 
valley  of  London,  &c.     (Conybeare  and  Philips.) 

5.  Boring  far  saltwater,  salt  mines,  coal,  ^. 

This  is  an  operation  of  the  same  kind,  and  affords,  as  regards 
the  rocks,  similar  evidence,  although  less  distinct ;  because  the 
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materials  are  brought  up,  in  the  state  of  powder,  or  at  least  of  frag- 
ments, and  a  very  imperfect  idea  is  thus  obtained  of  their  original 
uppearanoe ;  sufficient  however  to  enable  us  to  decide  on  their 
nature.  These  operations  arc  often  carried  op  to  the  depth  of 
several  hundred  feet. 

6.  Roads^  ccmdls*  tunnels. 

The  two  first  rarely  penetrate  to  any  great  depth,  but  some- 
limes  there  are  deep  cuts  through  diluvium,  and  even  through 
solid  rocks.  The  former  is  seen,  very  strikingly,  on  the  Welland 
Canal,  in  Upper  Canada ;  the  cut  through  the  diluvium  being, 
in  some  places,  more  than  fifty  feet,  in  a  stiff  tenaceous  clay, 
and  the  latter  circumstance  is  particularly  remarkable  at  Lock- 
port  on  the  Erie  Canal,  where  for  two  miles  or  more,  a  very  solid, 
aubcrystaline  limestone  has  been  excavated  by  blasting  in  many 
places  to  the  depth  of  thirty  feet,  disclosing  not  only  the  nature  of 
the  rocki  but  many  beautiful  imbedded  minerals. 

Tunnels  are  not  numerous.  Every  one  has  heard  of  those  of 
the  Duke  of  Bridgewater,on  the  Canal  leading  from  Liverpool  to 
Manchester,!  and  of  that  now  making  under  the  Thames  to  serve 
as  a  substitute  for  a  bridge. 

It  appears  that  they  were  not  unknown  to  the  ancients.  From 
the  Stadium  near  Athens,  situated  in  a  natural  defile,  the  van- 
quished charioteers  retired  through  a  tunnel  which  perforated  a 
neighboring  hill,  and  thus  those  who  had  failed  of  victory 
were  screened  from  the  sneers  and  insults  of  the  populace.|  These 
and  all  other  excavations  into  the  earth  add  to  our  means  of  geo- 
logical information. 

*  The  French,  during  Uieir  celebrated  expedition  to  Efypt,  under  Bonaparte,  tra- 
ced and  deicribed  the  ancient  and  magnificent  canal  connecting  the  Mediterranean 
ipd  die  Red  Sea,  but  which  from  the  ignorance  of  locka  in  ancient  times  could  be 
ttftTigated  only  when  the  waters  were  high,  and  was  therefore  nearly  useless. 

i  That  stupendous  work  of  art,  the  canal  tunnel,  under  Standcdge,  between  Hud- 
dififield  and  HancheeCer,  extends  under  ground  upward  of  three  miles,  and  in  two 
Imndred  and  twenty  yards  below  the  surface.  The  length  of  the  voyage  through 
the  tunnel  and  back  again  is  six  miles  and  a  half. — EngH$k  ( 

t  Dr.  Howe's  personal  communications,  Aug.  11, 1818. 

3  \ 
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7.  Rivers  and  other  water  courses. 

From  the  humblest  brook,  that  transports  the  gravel  and  sand 
along  its  current,  to  those  stupendous  rivers  which  force  their 
way  through  mountain  defiles,  and  appear  as  if  they  had  burst  the 
barriers  that  were  once  opposed  to  them,  we  derive  geological 
instruction.  The  ruins  which,  in  the  form  of  sand  and  gravel  and 
pebbles  and  sometimes  even  bowlder  stones,  they  bear  along  in 
their  course,  or  vex  with  incessant  friction,  till  their  angles  are 
rounded  or  obliterated,  afford  us  valuable  information  ;  and  the 
sections  of  banks  of  gravel  or  of  rocky  strata  which  the  waters 
expose,  impart  to  us  hints  which  we  may  turn  to  great  account 

In  many  places,  the  rivers  appear  to  have  formerly  flowed  at  a 
higher  level,  than  at  present,  or  to  be  the  remnants  of  lakes  whose 
barriers  time  has  levelled  or  broken  ;  and  it  is  no  uncommon  cir- 
cumstance to  find  water-worn  ledges  of  rocks  at  elevations  higher 
than  any  place  where  waters  can  flow  at  the  present  time.  This 
is  undeniably  the  fact  in  the  vicinity  of  Bellows  falls  on  Connecti* 
cut  River,  especially  two  or  three  miles  below  the  falls,  on  the  east- 
ern side ;  here  the  primitive  rocks  shew  the  same  water-rounded 
angles,  furrowed  lines  and  even  pot  holes,  evidently,  formed  and 
polished  by  incessant  friction,  as  are  exhibited  at  the  falls  them- 
selves, where  these  operations  are  now  incessantly  going  forward. 
Similar  facts  are  observable  in  the  transition  limestone  near  the 
head  of  lake  George,  at  a  considerable  elevation  above  the  lake, 
in  ledges  over  which  no  water  now  flows  but  that  of  the  atmos- 
phere ;  ^^  the  angles  are  rounded  and  smoothed  and  there  are  nu- 
merous holes  worn  into  the  solid  rock,  sometimes  shallow  and  ir- 
regular, but  frequently  deep  and  cyUndrical,  and  bearing  a  very  ex- 
act resemblance  to  those  which  are  common  in  the  ledges,  upon 
which  cataracts  fall,  and  appearing  to  have  been  produced  by  the 
same  cause,  namely,  the  wearing  agency  of  water,  aided  by  small 
stones  which  it  impels  in  incessant  whirling  revolutions/^* 

The  passage  of  the  Shenandoah  through  the  blue  ridge — of 
the  Connecticut  just  below  Middletown,  through  the  Haddam 

*  American  Journal,  Vol.  IV.  p.  44. 
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hills,  and  of  the  river  described  by  Lewis  and  Clark  through  the 
Rocky  mountains,  are  a  few  among  innumerable  examples  of  this 
kind.  It  is  very  immaterial  for  geological  purposes,  whether  the 
rivers  have  burst  their  barriers,  or  merely  uncovered  the  rocks  so 
that  their  characters  can  be  observed ;  for,  in  either  case  they 
contribute  to  the  mass  of  geological  evidence.* 

8.  Valleys  and  defiles. 

These  are  often  deep  cut  and  abrupt  and  of  great  extent,  ex- 
posing the  stratification  on  the  sides  of  hills  and  mountains.  The 
structure  must  in  this  manner,  be  more  or  less  revealed,  in  every 
mountainous  country,  except  so  far  as  the  sides  are  covered  with 
soil  and  ruins.  As  a  large  part  of  the  earth  is  mountainous,  pro- 
vision is  thus  made  on  a  great  scale  for  judging  of  the  interior  of 
the  planet. 

9.  Precipices^  cliffs^  promontories  and  abrupt  banks. 

The  shores  of  the  seas  and  of  the  great  lakes  abound  with  such 
exhibitions,  and  all  countries  except  those  that  are  very  low  pre- 
sent them  in  great  frequency.  Many  of  them  are  inaccessible 
except  in  boats  from  the  water  side,  but  however  viewed,  they 
exhibit  the  stratification  and  structure  more  or  less  distinctly. 

10.  Landslips^  Slides  and  Amlsions. 

The  peaceful  dweller  in  the  beautiful  Isle  of  Wight,  in  the 
English  channel,  not  unfrequently,  sees  the  high  chalky  clifis  of 
that  coast,  that  have  been  undermined  by  the  sea,  totter  to  their 


*  Although  it  cannot  be  lupposed  that  riven  have  generally  formed  their  own 
beds,  there  can  be  no  doubt  that  these  currenta  of  water  do  often  Increase  the  depth 
and  alter  the  form  of  their  channels.  The  Oenessee  River  and  the  Niagara  River 
aflford  fine  examples  of  the  exhibition  of  stratification  of  river  banks,  by  the  wearing 
effects  of  water.  The  banks  of  these  two  rivers  are  often  precipitous  and  of  seve- 
ral hundred  feet  in  elevation,  giving  very  perfect  sectioos  of  the  strata. 
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Tall,  tHl  they  oovne  thiitiderihg  down ;  aiid  even  at  some  dislalioe 
from  the  sea,  th^y  <yc(^lttionaIly  ilidD  or  slip  fhodn  their  foundations, 
covering  the  plains  below  with  inihs^ 

The  mountaineerd  of  the  Alps  wittiess  still  inoT^  stupettdous  ca- 
tastropheis.  Large  mountain  masses,  and  even  colisideirable  por* 
tions  of  mountains,  Ml  into  tile  valleys  and  plains,  and  chokd' 
them  up,  or  fill  the  bosom  of  lakes,  spreading  desolation  through 
villages — burying  thetr  inhabitants  in  the  wreck,  or  sweeping 
them  away  by  the  overflowing  of  the  waters. 

Even  the  Green  Mountains  of  Vcrmnfnt,  and  the  White  Moun- 
tains of  New  Hampshire,  have  beet)  Ihe  scenes  of  similar  catas- 
trophes, and  the  Notch  in  the  White  Mountains^  will  long  record 
the  desolations  of  July,  1 836.* 


*  The  slides  in  the  White  Mountains  of  New  Hampshire,  and  the  Green  Moun- 
tains of  Vermont,  have  been  recently  very  remarkable.  (See  Am.  Journal,  Vol.  XV. 
Art  II.)  There  is  a  grand  defile  or  pass  in  Uie  White  Mountains,  called  Uie  Notch. 
The  portion  which  is  the  grandest,  is  about  five  or  six  miles  in  lenp^th ;  it  is  composed 
of  a  double  barrier  of  mountains,  rising  very  abruptly  from  both  sides  of  the  wild 
roaring  river  Saco,  which  frequently  washes  the  feet  of  both  barriers;  and  some- 
times there  is  not  room  for  a  single  carriage  to  pass  between  the  stream  and  the 
mountains ;  but  the  road  is  cut  into  the  mountain  itself.  This  double  barrier,  rises 
on  each  side,  to  the  height  of  nearly  half  a  mile  in  perpendicular  altitude,  often  ex- 
ceeding this  height ;  and  it  is  capped,  here  and  there,  by  castellated  turrets  of  rocks, 
standing  high  above  the  continued  ridges ;  these  are  not  straight,  but  are  formed  into 
numerous  zigzag  turns,  which  fi^equenOy  cot  off  the  viete,  and  seem  to  imprison  the 
observer  in  a  vast,  gloomy  gulf. 

The  sides  of  these  mouhtains  irre  deeply  Tutrowed  and  eckrred,  by  the  tremendous 
eflects  of  the  memorable  deluge  of  August  28th,  1826,  which,  on  the  night  succeed- 
ing that  day,  destroyed,  in  a  moment,  the  Willey  family,  nine  in  number,  and  left 
not  one  to  tell  their  story.  They  occupied  a  lonely  house  in  the  wildest  part  of  the 
Notch,  at  the  foot  of^e  mountahis;  it  Was  a  resting  {^lace  for  travellers.  For  two 
seasons  before,  the  mountains  had  been  very  dry,  tind  on  fbe  momikig  of  Ang.  28th, 
it  commenced  raining  very  hard,  with  strong  tempestuous  wind ;  the  storm  lasted 
through  that  day  and  the  succeeding  night,  and  when  it  ceased,  the  road  was  found 
obstructed  by  innumerable  avalanches  of  mountain  ruins,  which  rendered  it  imposri- 
ble  to  pass,  except  on  ibot  The  ftrst  person  who  came  to  die  Willey  house,  found 
it  empty  of  its  inhabitantB,  and  in  the  courUe  of  a  few  ditys  tlie  mangled  bodies  of 
seven  out  of  tiine,  were  dileovered  a  short  dtstatice  below,  buried  beneath  the 
drift  wood  and  mountain  ruins,  on  the  bank  of  the  Saco,  or  rather  in  the  midst  of 
what  was  for  tho  time,  a  vast  raghig 'torrent,  unithig  one  mountain  barrier  to  the 
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Ft  U  obvious  therefore,  that  our  meaiM  of  peniting  the  struc* 
tore  of  the  interior  of  the  earth  are  not  so  soanty,  or  so  imperfect, 
as  might  at  first  view  appear. 

This  at  least  may  be  said  with  truth,  that,  although  we  cannot 
(M'ove  what  is  the  constitution  of  the  earth  one  thousand,  or  even 
6ne  hundred  miles  from  its  surface,  we  have  means  in  our  power 
of  deciding  upon  the  nature  of  the  crust.  Whether  in  one  quarter 
of  the  world  or  in  another,  we  ascend  the  loftiest  mountains,  and 
examine  the  awful  peaks  on  which  the  sunbeams  shine,  first  and 
last,  as  the  sun  rises  and  sets,  and  on  which  the  storms  of  ages 
have  spent  their  fury ;  or  whether  we  descend  into  the  deepest 
mines,  and  observe  the  strata  uncovered,  for  the  first  time,  since 
their  formation  ;  in  whatever  country  ;  under  whatever  circum- 
stances, we  examine  the  earth,  we  are  led  to  the  important  con- 


(Aer.    The  effects  of  the  torrents,  which  <m  tVittt  oectsioii  deseendod  from  the 
nonntains,  now  form  a  most  coug|<teuott§  ind  intereotfaig  feature  in  the  aeenery. 

The  aralanchea  w«re  very  mtmeroits ;  they  were  ndt,  howerer,  mpmrei  of  the 
miiii  ioondation  nock  of  the  mountahi,  bat  nUdef,  fmn  very  Meep  declhrfties ;  be- 
l^famfaig,  in  many  instanoety  at  the  Tery  mountain  top,  and  carryhii^  down,  In  one 
liromlscuotn  and  frightful  ttain,  shfruba  and  iyrests,  and  the  earth  which  mmtafned 
them;  atones  and  rodtt  Innumerable,  and  many  of  ^at^shse,  soch  aft  wtrald  fiH, 
each,  a  common  aparUnent :  tiie  slide  tooik  evei7  thing  with  H,  down  to  the  soKd 
mountain  rock,  and  being  produced  by  torrents  of  water,  which  appear  to  ha?e  frursf , 
Hke  water  spouti  upon  the  mountains,  after  they  had  been  thoroughly  soaked  with 
heavy  ndns,  thus  loosening  all  fbe  maleiials  that  were  not  solid,  and  tlie  trees  push- 
ed and  Wrung  by  -fierce  winds,  acted  as  so  many  lewrs,  and  prepared  erery  thing 
for  the  awAil  catastrophe.  No  tradition  existed  of  any  lUde  in  fefmer  limes,  and 
such  as  are  now  disoorered  to  have  anden^  happened,  had  been  completely  veiled 
by  forest  growth  and  shrubs.  At  length,  on  the  28th  of  June,  two  montlis  before 
the  painful  event,  there  was  an  avahnche,  not  fat  from  the  Willey  house,  which  soikr 
alarmed  the  family,  that  they  erected  an  encampment  a  iftUe  distance  from  their 
dwelling,  intending  it  as  a  place  of  refbge.  On  the  fatal  night,  it  was  impenetrably 
dark,  and  frightfully  tempestuous ;  the  solitary  family  had  retired  to  rest,  in  Aeh- 
hnmble  dwelling,  six  miles  from  the  nearest  human  creature.  The  avahndtes  de- 
scended in  every  part  of  the  gulf,  for  a  distance  of  two  mHes ;  snd  a  very  heavy  one 
began  on  the  mountain  top,  immediately  above  the  house,  and  took  its  course  In  a  direct 
llnie  towards  it;  the  sweeping  toirent,  a  rhrer  from  the  clouds,  and  a  ilver  full  Of 
earth,  stones,  trees,  and  rocks,  rushed  to  the  bouse,  and  marvelknnly  divided  within 
six  feet  of  it,  and  just  behind  it,  aod  passed  on  either  side,  sweeping  away  the  stable 
and  horses,  and  completely  encircling  the  dwelling,  but  leaving  it  untouched.    At 
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elusion,  that  the  great  features  are  drawn  upon  the  same  plan, 
and  that  similar  laws  have  governed  the  whole  series  of  forma- 
tions. 

Fruits  or  results  of  the  observations  made  on  the  structure  of 
the  crustj  in  consequence  of  the  use  of  all  the  means  in  our 
power. 

The  earth  is  not  (as  ignorant  persons  usually  suppose)  rudis 
indigestaque  moles,  a  mere  rude  and  unarranged  heap  of  rocksy 
and  minerals,  grouped  together  without  order,  without  plan,  and 
without  a  possibility  of  being  rationally  investigated. 

Order^  so  distinctly  observed  in  the  mechanism  of  the  uni- 
verse ;  in  the  stellary  and  planetary  systems ;  in  the  admirable 

thii  time,  it  is  supposed  the  family  issued  from  their  door,  and  were  swept  away  by 
the  torrent 

Had  they  remained,  they  would  hare  been  entirely  safe.  They  probably  did  rs- 
main  amidst  the  war  of  wind  and  rain  and  mountain  torrents,  and  the  tremendous 
crash  of  the  forests— earth  and  rocks,  which  for  miles  around  them  were  rushing 
down  in  one  wide  scene  of  desolation,  and  with  an  astounding  noise  and  concussioD, 
of  which,  we  can  form  no  adequate  conception;  until  the  evident  and  near  approach 
of  the  ruin  immediately  behind  the  house,  left  them,  apparently,  no  alternative,  but 
(0  fly  from  instant  death.  Even  now  (May  20,  1828,)  almost  two  years  after  the 
event,  there  is  a  great  rampart  of  earth — stones—rocks  and  trees,  piled  up  wiUila 
five  feet  of  the  house,  and  behind  it  and  making  a  circuit  round  it,  as  if  repeUed  by 
an  invisible  power.  But  the  little  green  in  front,  and  east  of  the  house  was  undis- 
turbed, and  a  flock  of  sheep,  (a  part  of  the  possessions  of  the  family)  rested  on  this 
snudl  spot  of  ground  and  were  found  there  the  next  morning  in  safety — although 
the  torrent  which  has  been  mentioned  as  dividing  just  above  the  house,  and  forming 
a  curve  on  both  sides,  had  swept  completely  around  them,  and  again  united  below, 
and  covered  the  meadows  and  orchard  with  ruins,  which  remain  there  to  this  hour. 
This  catastrophe  presents  a  very  striking  example  of  sudden  diluvial  action,  and  en- 
ables one  to  form  some  feeble  conception  of  the  universal  eflfects  of  the  vindictive 
deluge  which  once  ravaged  every  plain  and  defile,  and  swept  over  every  mountain. 
In  the  present  instance,  there  was  not  one  avalanche  only,  but  there  were  many. 
The  most  extensive  single  one,  was  on  the  other  side  of  the  barrier  which  forms  the 
northern  boundary  of  the  Notch.  It  is  described  as  having  slid,  in  the  whole,  three 
miles— with  an  average  breadth  of  a  quarter  of  a  mile ;  it  overwhelmed  a  bridge,  and 
filled  a  river  course,  turning  the  stream,  and  now  presents  an  unparalleled  mass  of 
ruins.  There  are  places  on  the  declivities  of  the  mountains  in  the  Notch,  where 
acres  of  the  steep  sides  were  swept  bare  of  their  forests,  and  of  every  moveable 
thing,  and  the  naked  rock  is  now  exposed  to  view. 
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eqirilibrium  of  projection  and  gravitation ;  of  cohesion  and  ex- 
pansion; of  cohesion  and  chemical  affinity;  in  the  beautiful 
structure  and  exact  economy  of  animals  and  vegetables ;  and  in 
the  still  more  wonderful  phenomena  of  mind,  does  not  end  there : 
it  pervades  all  the  other  works  of  God ;  and  in  this  rude,  uncon- 
scious earth,  is  not  less  capable  of  proof,  (although « that  proof  is 
less  obvious)  than  in  the  other  departments  of  his  universal  do- 
minion. 

Still,  while  this  regularity  is  thus  manifest,  and  is  the  prevailing 
character,  it  must  not  be  forgotten,  that  the  earth  exhibits,  in  eve- 
ry country,  decisive  proofs  of  violence,  derangement  and  disloca- 
tion of  strata ;  indicating  the  o(>eration  of  various  cata3trophes. 
For  example,  in  mines,  strata  are  found,  whose  continuity  is  bro- 


In  the  greater  Dumber  of  instances  however,  the  avalanches  began  almost  at  the 
mountain  top,  or  high  upon  its  slope.  The  excavation  commeticed,  generally,  as 
soon  as  there  was  any  thing  moveable — in  a  trench  of  a  few  yards  in  depth,  and  of 
a  few  rods  in  width,  and  descended  down  the  mountains — widening  and  deepening— 
tiU  it  became  a  great  chasm,  like  a  vast  irregular  hollow  cone,  with  its  apex  near  the 
mountain  top,  and  its  base  as  its  loot,  and  there  spread  out  into  a  wide  and  deep 
mass  of  ruins,  of  transported -earth,  gravel  stones,  rocks  and  forest  trees. — Letter  qf 
the  Editor,  written  on  the  spot.  May  20, 1828. 

A  party  of  gentlemen  who  assended  Mount  Washington,  the  next  day  after  the 
the  storm,  counted  thirty  slides  on  the  Western  side  of  the  mountain.  They  began  near 
the  line  where  the  soil  and  vegetation  terminate,  and  growing  wider  as  they  decen- 
ded,  were  estimated  to  contain  more  than  a  hundred  acres.  These  were  all  on  the 
western  side  of  the  mountains.  They  were  composed  of  the  whole  surfiice  of  the 
earth  with  all  its  growth  of  woods,  and  its  loose  rocks,  to  the  depth  of  fifteen,  twenty, 
and  thirty  feet.  And  wherever  the  slides  of  the  two  projecting  mountains  met  fiir- 
ming  a  vast  ravine,  the  depth  was  still  greater.  In  some  places  the  road  was  excava- 
ted to  the  depth  of  fifteen  and  twenty  feet ;  and  in  others  it  was  covered  with  earUi, 
and  rocks,  and  trees,  to  as  great  a  height.  In  the  Notch  and  along  the  deep 
defile  below  it,  for  a  mile  and  a  half,  to  the  Notch  House,  and  as  tar  as  could  be  seen 
beyond  it,  no  appearance  of  the  road,  except  in  one  place  Ibr  two  or  three  rods,  could 
be  discovered.  The  steep  sides  of  the  mountain,  first  on  one  hand,  then  on  the  oth- 
er, and  then  on  both,  had  slid  down  into  this  narrow  passage,  and  formed  a  eontinu- 
ed  mass  from  one  end  to  the  other. — Letter  qf  Reo,  Cfarloi  WUeox. 


The  account  of  the  slides  in  the  Green  Mountains  will  be  quoted  in  connexion  with 
the  notice  of  diluvial  action,  in  the  latter  part  of  this  sketch. 
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ken  ;-*-Huddeiil7,  at  a  particular  depth,  a  certain  rock,  which  is 
obterved,  on  one  aide  of  a  shaft  or  fissure,  disappears  on  the  oth* 
er,  and  some  different  rock  cornea  in  ita  place ;  yet  the  first  rock 
may  be  found  again,  either  above  or  below  tlie  place  where  it 
disappeared,  and  with  it  all  the  attendant  series  of  rocks,  which 
in  like  manner  were  dislocated. 

Again,  a  certain  series  of  rocks  may  be  cut  across,  by  a  diffisr* 
ent  species  of  rock,  which  shall  completely  separate  all  the  sue* 
cessife  strata,  and  yet  on  both  sides  they  may  be  found  re*appear- 
ing  either  at  the  same  elevation,  or  at  a  different  one.  The  mat- 
ter which  fills  the  fissure  is  technically  called  a  dyke. 

Again,  strata  are  sometimes  found  at  particular  places  tor* 
tuous  or  winding,  or  angular ;  although  they  may,  in  general,  be 
regular,  thus  indicating,  as  many  suppose,  the  application  of 
force  to  them,  and  their  disturbance  by  a  mechanical  cause. 
Notwithstanding  these  and  other  similar  irregularities, 

A  general  reguUnity  of  arrangement  has  been  observed  in  the 
structure  of  the  glebe. 

.7*he  great  mass  of  the  crust  of  the  earth,  and  probably  of  its 
entire  solidity^  is,  in  every  country  made  up  of  rocks  which  have 
the  following  characteristics. 
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L  The  most  important  fundamental  rocks  of  our  globe  are 
composed^  in  general^  of  crystaline  materials^  bearing  every  ap- 
pearance of  having  been  deposited,  from  a  state  of  prevailing  re- 
pose, and  chiefly  by  the  exertion  of  chemical  affinities ;  they  are 
made  up  principally  of  imperfect  and  confused  crystals,  or  of 
parts,  having  more  or  less  of  a  crystaline  structure,  adjusted  to 
each  othqr,  either  confusedly  or  by  salient  and  re-entering  angles, 
90  as  to  form  a  mass  of  continuous  matter  ;  furnished  however, 
sometimes  with  cavities,  which  are  occasionally  lined  with  large 
and  beautiful  crystals.  Every  thing  in  the  appearance  of  these 
rocks  implies  a  previous  state  of  chemical  mobility,  (not  of 
mechanical  suspension)  and  the  only  powers  with  which  we  are 
acquainted,  that  are  at  all  equal  to  the  effect,  are  water  and 
fire,  aided  by  various  saline,  alkatine,  acid,  and  other  energetic 
chemical  agents,  which,  in  large  quantities,  we  now  find  actually 
entering  into  the  constitution  of  these  rocks,  and  df  other  terrestri- 
al masses,  and  which  were  therefore  originally  provided  in  the 
grand  store-house  of  created  materials. 

Few  of  those  who  would  employ  fire  to  form  the  primitive,  as 
well  as  the  volcanic  and  trap  rocks,  go  so  far,  as  to  exclude  the 
operation  of  water,  or  of  chemical  agents,  of  which  water  may 
have  been  the  basis  and  vehicle.  Indeed,  it  is  generally  agreed, 
that,  judging  from  the  appearances  of  things,  we  must  conclude, 
that  the  earth  was  originally,  and  for  a  long  time,  submerged, 
and  that  its  crust  at  least,  has  been  in  a  soft  and  impressible  state, 
if  not  partially  or  wholly  in  solution. 

Geology  declares,  that  the  original,  or  at  least  early  state  of  the 
surface  of  the  planet,  was  that  of  a  watery  abyss ;  and  the  book  of 
Genesis,  in  the  concise  account  which  is  there  exhibited  of  the 
origin  of  things,  reveals  the  same  fact,  as  well  as  the  recession 
of  the  waters,  by  which  the  dry  land  was  made  to  appear. 
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We  may  tlierefore  take  it  for  granted,  that  the  aqoeous  al^a 
preceded  the  habitable  condition  of  the  earth,  and  we  are  at 
liberty  to  reason  upon  its  probable  constitution  and  possible 
effects. 

It  was  evidently  a  fluid  of  very  different  properties  from  mere 
water.  It  doubtless  contained  all  the  chemical  agents,  not  oolj 
that  are  soluble  in  water,  but  also  that  are  soluble  in  a  compooiid 
fluid,  consisting  of  water,  and  of  other  agents  still  more  active. 
The  acids  alone  would  give  it  great  solvent  powers,  particularly 
in  relation  to  the  alkalies — the  metallic  oxides,  and  several  of  the 
earths ;  the  alkalies  alone  would  impart  a  similar  efliciency,  es- 
pecially with  respect  to  silcx,  which  is  not  readily  soluble  in  any 
acid  except  one  ;  acids  may  have  prevailed  at  one  time,  and  it 
kalies  at  another ;  and  even  if  acids  and  alkalies,  and  acids  and 
earths,  and  acids  and  metallic  oxides,  had  been  present  at  the 
same  time,  and  had  mutually  combined,  so  as  to  form  saline  com- 
pounds, these  compounds,  as  far  as  they  remained  in  solutioii, 
would  impart  to  the  fluid  peculiar  and  increased  solvent  powers; 
and  those  compounds  which,  from  their  insolubility,  were  precipi- 
tated, would  be  of  course  removed,  and  would  not  be  in  the  way 
to  impede  other  agencies.  In  the  constitution  of  mineral  bodies, 
wc  find  the  greater  part  of  the  most  active  chemical  agents ;  the 
powerful  acids,  the  sulphuric,  the  muriatic,  the  nitric,  the  phos- 
phoric and  the  fluoric  ;  and  tiie  carbonic,  although  not  powerful, 
is  abundant.  The  alkali  soda  exists  in  vast  abundance,  and  of- 
ten combined  with  no  other  acid  than  the  carbonic ;  while  po- 
tassa,  as  well  as  soda,  is  found  in  combination  with  other  princi- 
ples in  a  great  many  minerals,  and  lithia  in  several.  The  alkalies 
are  largely,  and  the  alkaline  earths  are  considerably  soluble  in 
water ;  all  the  earths  are  easily  soluble  in  acids,  except  silex,  and 
even  this  is  powerfully  attacked  by  fluoric  acid,  and,  under  certain 
circumstances,  is  not  unaffected  by  some  other  acids.  All  the  me- 
tallic oxides  are  soluble, cither  in  acids  or  alkalies;  the  metals  com- 
bine readily  with  chlorine;  carbon  and  the  other  combustibles  be- 
come soluble  by  conibmation  with  each  other,  and  with  oxigen. 
or  chlorine,  or  iodine  ;  and  we  may  reasonably  presume,  that  as 


PRIMITIVE  ROCKS.  27 

these  bodies  came  from  the  hand  of  the  Creator,  they  were  in  a 
condition  to  act  with  intense  energy,  and  that  innumerable  solu- 
tions, decompositions  and  precipitations,  took  place  at  a  period 
when  elementary  action  had  full  play,  and  the  great  agents, 
encountering  each  other  at  every  turn,  gradually  developed 
the  new  order  of  things.  It  is  of  course  difficult  to  say,  pre- 
cisely what  was  the  condition,  and  what  were  the  qualities  of 
that  early  ocean,  that  primitive  abyss,  whose  existence  and 
sway  it  is  impossible  to  deny ;  for  while  decisive  facts  declare 
it  to  the  mere  philosopher,  revelation  unfolds  it  to  the  believer, 
and  both  conspire  to  establish  the  truth  in  the  minds  of  that 
large  and  respectable  class  of  individuals,  who  combine  both 
these  characters  in  one. 

It  appears  then  that  the  solubility  of  all  the  existing  materials 
that  form  the  crust  of  the  globe ;  their  solubility  either  in  their 
elementary  forms,  or  in  their  proximate  or  complex  combina- 
tions, is  a  truth  clearly  demonstrable,  and  actually  demonstrated ; 
and  that  the  only  serious  difficulty  is  found,  in  attributing  to  the 
quantity  of  waters  that  now  exist,  u^t^Atn  our  knowledge^  sufficient 
power  to  suspend  all  the  materials  of  those  rocks,  that  bear  marks 
of  deposition  from  a  state  of  chemical  solution. 

On  this  point,  perhaps  nothing  satisfactory  can  be  said ;  but 
we  may  ask,  who  knows  what  were  the  depth  and  the  quantity  of 
the  waters  of  the  primitive  abyss ;  how  much  water  might  (as 
the  formations  were  going  on)  have  been  exhaled,  even  to 
other  regions;  how  much  might  have  been  decomposed  to 
afford  the  noble,  and  almost  universally  diffused  elements,  of  this 
ffuid,  to  the  various  nascent  bodies,  into  whose  constitution  oxi-' 
gen  and  hydrogen  were  destined  to  enter ;  and  how  much  might 
have  been  received  into  cavities*  in  the  earth,  to  await  a  future 
call,  to  deluge  the  surface  anew. 


*  We  may  have  occasion  to'  mention  again  the  idea  of  cavities  in  the  earth,  a 
supposition  which  some  may  think  is  excluded,  by  its  high  specific  grarity. 
There  is,  however,  no  incompatibility  in  the  two  opinions.  The  amount  of 
water  requisite  to  cover,  half  a  mile  deep,  all  the  existing  mountains,  would  occupy 
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It  is  worthy  of  observation,  that  quartz,  feldspar,  and  mica, 
the  minerals  which  form  the  greater  part  of  the  three  most  im- 
portant primitive  rocks,  namely,  granite,  gneiss,  and  mica  slate, 
are  composed  mainly  of  silex  and  alumine.  Now  the  silex,  espe- 
cially in  a  state  of  minute  division,  is  entirely  and  readily  soluble 
in  the  fixed  alkalies,  and  so  is  alumine,  with  even  greater  fiicility : 
alumine  is  also  very  readily  soluble  in  acids ;  silex  is  soluble  in  flo- 
oric  acid,  and  can  become  even  gaseous  in  that  acid,  and,  if  mi- 
nutely divided,  it  is  soluble  in  some  other  acids.  Modem  analy- 
sis has  discovered  notable  quantities  of  potash  and  soda  in  both 
feldspar  and  mica ;  and  fluoric  acid  in  the  latter,  so  that  it  is 
proved  that  the  necessary  solvents  were  actually  present  at  the 
time  of  the  formation  of  these  minerals,  and  therefore  entered 
into  their  constitution.  Alkali  exists  elsewhere  also,  in  suflkieot 
abundance  for  the  solution  of  silex  and  alumine  ;  for  that  portioB 
of  alkali,  which  is  now  in  solid  combination  in  the  minerals, 
that  enter  into  the  constitution  of  the  primitive  rocks,  wouM 
have  done  but  little  towards  the  solution  of  the  earths  in  ques- 
tion. 

The  activity  of  most  of  the  early  chemical  agents,  and  of  all  of 
them  if  subjected  to  pressure,  would  have  been  much  increased 
by  a  high  temperature.  There  can  be  no  reason  why  we  should 
suppose,  that  those  causes*  which  now  feed  the  fires  of  nearly 
two  hundred  active  volcanos,  were  dormant  in  the  youth  of  the 
planet.  On  the  contrary,  the  numerous  extinct  or  quiescent  vol- 
canos, of  unquestionable  character,  record  with  irrefragable  evi- 
dence, the  energy  and  extent  of  primeval  fire,  operating  both  as 
an  auxiliary  to  solution,  and  in  its  own  proper  agency  by  fusion; 
and  that,  without  taking  into  view  the  trap  rocks,  which,  if  finally 


but  a  small  fractional  part  of  the  cubical  contents  of  the  earth,  (only -^^  j  part)  and  the 
remaining  solid  parts  may  still  be  sufficiently  dense  to  give  the  required  spedBc  grav- 
ity. The  supposition  is  more  at  war  with  the  hj'pothesis  of  central  igneous  fluidity; 
but  even  these  two  suppositions  are  still  reconcilable. 

*  Causes  which  will  be  considered  under  the  head  of  volcanos. 
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admitted  to  have  had  an  igneous  origin,  will  greatly  fortify  this 
view  of  the  subject. 

When  the  planet  was  covered  by  an  aqueous  abyss,  all  volca- 
nos  must  have  been  submarine,  as  many  now  are.  They  would 
all  therefore  act  under  vast  pressure,  a  pressure  incomparably 
transcending  any  thing  effected  by  modem  experiment,  and  the 
heat  thus  accumulated  must  have  given  any  desired  activity  to 
water  and  to  watery  solutions  of  the  great  chemical  agents. 

While  therefore  provision  is  made,  in  this  manner,  upon  estab- 
lished mechanical  and  chemical  laws,  for  solution  on  the  greatest 
scale  of  magnitude,  and  with  the  greatest  possible  energy  of  action, 
we  may  suppose  chemical  depositions  to  have  been  going  on  con- 
temporaneously or  subsequently,  either  confusedly,  as  in  granite^ 
or  in  successive  layers,  as  in  gneiss  and  mica  slate  ;  and  the  im- 
bedded minerals  of  the  primitive  rocks,  the  garnets,  the  stauro- 
tides,  the  tourmalins,  the  beryls,  and  others,  were  doubtless,  con- 
temporaneous crystalizations  ;  their  elements  being  in  solution  in 
the  same  fluid,  and  uniting  by  the  force  of  their  peculiar  affini- 
ties, formed  the  minute  bodies,  the  integrant  atoms,  whose  con- 
cretion ultimately  produced  the  various  crystaline  solids,  which 
adorn  the  early  formations  of  the  globe. 

Water  and  fire  and  pressure  and  all  the  great  chemical  agents 
may  thus  have  conspired,  as  means  in  his  hands,  to  execute  the 
great  purposes  of  the  Creator,  in  effecting  the  arrangement  of 
the  crust  of  the  planet. 

It  becomes  easy  also  to  admit  that  all  those  catastrophes,  which 
can  reasonably  be  attributed  to  this  period,  may  have  happened. 

Igneous  agency,  the  parent  of  earthquakes,  acting  beneath  the 
rocks  already  formed,  and  beneath  the  incumbent  abyss,  might 
produce  fractures,  heavings,  dislocations  and  distortions,  tortuous 
flexions,  injections  of  veins  and  dykes,  subsidence  and  elevation 
of  strata,  and  all  the  irregularities  technically  cMed  faults  by  the 
miners.  Even  the  trap  rocks  themselves  may  have  been  thrown  up 
beneath  the  primeval  ocean ;  they  may  have  broken  through  the 
strata  and  congealed  above  or  between  or  among  them,  in  ridges, 
peaks  or  flats;  or  they  may  have  been  injected  in  dykes  or  veins, 
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or  been  driven,  laterally,  between  the  strata,  rending  them  asun- 
der, as  if  cleft  by  wedges.* 

Although  in  giving  this  concise  sketch  of  the  possible  and  prob- 
able qualities,  powers  and  effects  of  the  primeval  abyss,  we  ha?e 
endetivored  to  adhere  closely  to  acknowledged  facts  and  prioci- 
pies  as  established  by  experience  and  sound  reasoning,  we  do  not 
pretend  to  claim  for  our  speculations  the  verisimilitude  of  history. 
But,  the  only  credible  history  which  exists  furnishes  a  record, 
important  alike  to  philosophy  and  religion ;  we  find  in  the  pfam- 
et  itself,  the  proof  that  the  record  is  true ;  we  examine  by  (he 
light  of  science  the  modus  operandi  and  we  think  we  can  trace 
its  development ;  although  we  do  not  confidently  aver,  that  the 
events  actually  happened  as  we  have  supposed,  we  endeavor  to 
prove,  that  the  constitution  of  things  and  the  records  of  evidence, 
which  the  planet  affords,  accord  with  our  supposition.  Thus  we 
honor  the  Divine  Author  by  tracing  the  operation  of  his  laws ;  we 
would  not  slur  them  over  under  the  vague  term  of  ntUure,  whik 
we  admit  not  only  creative  power,  but  arranging  wisdom.! 


*  These  remarks  have  reference  of  course,  to  the  trap  rocks  that  appear  in  print- 
live  regions,  but  it  is  dbvtous  that  a  similar  train  of  reasoning  is  appUcaUe,  f  imitalii 
mutandia)  to  the  trap  roclcs  which  are  associated  with  the  more  recent  formationt. 
If  these  rocks  are  the  ofl&pring  of  subterranean  fire,  there  appears  no  reason  why 
their  date  should  be  restricted  to  any  one  series  of  rocks,  and  we  actually  find  them 
associated  with  all. 

t  The  author  of  this  sketch  is,  in  no  degree,  reluctant  to  avow  his  full  adoption  of 
the  Baconian  and  Newtonian  mode  of  reasoning  on  natural  phenomena,  as  regards 
their  ultimate  connexion  with  the  Creator  and  Governor  of  the  universe.  He  would 
not  force  moral  and  religious  topics  into  an  unnatural  associatioo,  with  physical  sub- 
jects, and  he  thinks  it  contrary  both  to  good  policy  and  good  taste,  to  act  the  morshit 
on  every  occasion,  and  thus  to  render  trite  and  perhaps  oflfonsive,  ideas  which,  more 
cautiously  and  less  frequently  introduced,  might  have  left  a  happy  impressioD.  But 
he  holds,  with  Newton,  that  Natural  Philosophy  sustains  an  indissoluble  coonexieo 
with  the  Deity,  as  the  first  cause  of  all  things,  and  as  the  final  cause  which  must 
forever  terminate  every  series  of  secondary  causes,  by  which  we  attempt  to  account 
for  natural  phenomena. 

This  reference  is  therefore  not  less  proper  on  physical  than  on  moral  subjects,  al- 
though the'liberty  should  be  more  sparingly  and  cautiously  used.  Surely,  if  on  any 
subject  of  natural  science  this  course  is  proper,  it  is  in  relation  to  geology,  one  sf 
whose  primary  objects,  is  to  trace  the  operation  of  the  Creator'a  laws,  in  the  arrange- 
ment of  the  crust  of  the  planet,  which  is  our  present  abode. 
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II.  The  rocks  in  question^  namely^  the  primitwe^  lie  below  the 
others^  and  therefore  were  depositedfirst ;  they  generally  succeed 
each  other,  in  a  certain  order,  supporting  the  superincumbent 
rocks,  but  they  still  occasionally  break  through  them  all,  and  rise, 
8o  as  form  the  highest  peaks  and  ridges  of  our  globe. 

It  is  self-evident  that  the  lower  the  rock,  the  older  it  must  be, 
just  as  the  foundations  of  a  house  must  be  deposited  before  the 
superstructure  can  be  added.* 

A  miracle,  it  is  true,  could  substitute  one  rock  for  another,  but 
we  are  reasoning  from  established  natural  causes,  and  not  from 
miracles,  and  we  know  not  of  any  cause  that  would  force  one 
rock  into  a  position  beneath  another,  except  volcanic  or  igneous 
agency,  which,  it  is  admitted  might  do  it  to  a  certain  small  ex- 
tent, but  never  on  a  great  scale.  Circumstances  would  also  in- 
dicate the  catastrophe,  such  as  the  marks  of  violence  and  the  al- 
tered appearance  which  the  neighboring  rocks  would  exhibit. 
Except  the  single  case  of  intrusion  by  volcanic  power,  it  would  be 
equally  true  of  deposition,  from  any  cause  whether  aqueous,  me- 
chanical or  igneous,  that  the  upper  rocks  must  be  the  most  recent. 

It  is  quite  superfluous  to  say,  that  several  rocks  may  have  been 
deposited  at  once ;  it  is  true  that  several  may  have  been  deposit- 
ed from  the  same  general  agencies,  constituting  a  suite  or  forma- 
tion, but  it  would  still  be  true  that  there  would  be  succession,  ei- 
ther tardy  or  rapid. 

III.  The  primitive  rocks  contain  no  organized  bodies  ;  not  a 
fish  or  a  shell,  a  plant  or  any  thing  ever  endowed  with  life,  or 
any  fragment,  relic  or  impress,  of  any  such  body  is  ever  found 

*  CoDtemporaneoufl  crystalization  might  happen  through  large  masses  of  the  same 
gpecies  of  rock,  but  is  ndt  credible  with  respect  to  successions  of  rocks  of  different 
kinds,  as  of  saccharoidal  limestone  in  gneiss,  serpentine  in  clay  slate,  &c. 

Eren  igneous  depositions,  it  would  seem,  must  require  succession;  one  igneous 
tide  bursting  through,  after  another  had  flowed  and  congealed ;  and  an  igneous  rock 
forcing  its  way,  in  fusion,  through  rocks  of  unquestionable  aqueous  or  mechanical  ori- 
gin. 

Who  would  believe,  for  instance,  that  the  groenstone  trap  of  Salisbury  Craig  at 
JSdinburgh,  or  of  the  East  and  West  rocks  at  New  Haven,  (Connecticut,)  was  not 
deposited  after  the  sand  stone  and  conglomerate  rock  upon  which  they  repose ! 
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in  them;  this  fact,  with  others  to  be  mentioned  afterwards, 
evinces  that  the  fundamental  rocks  were  deposited  before  the 
creation  of  living  beings,  and  that  this  substratum  was  laid  for 
the  purpose  of  preparing  the  globe  for  its  great  destination — 
that  of  becoming  a  suitable  habitation  for  beings  endowed  with 
life. 

This  argument  is  of  a  negative  character,  but  still  it  appears  to 
be  conclusive,  and  it  would  be  conclusive  to  any  extent ;  for, 
were  all  rocks  destitute  of  organized  remains,  it  would  be  equally 
fair  to  conplude,  that  they  were  all  deposited  before  that  inter- 
esting epoch  in  the  creation,  when  life  began  to  appear  upon  the 
planet 

Tho  argument  then',  respecting  the  relative  antiquity  of  the 
primitive  rocks  becomes  still  stronger,  when  we  have  ascertain- 
ed that  there  are  numerous  rocks  which  contain  organized  re- 
mains both  of  animals  and  plants,  but  that  they  are  never  the 
lowest  rocks,  and  that  they  are  rarely  highly  crystaline  in  their 
structure,  at  least  they  are  not  often  so  in  a  degree  to  make  them 
compare  with  the  rocks  that  lie  still  lower. 

But  suppose  that  a  rock  having  a  constitution  like  that  of  the 
primitive,  should  be  found  lying  upon  another  which  is  deci- 
dedly not  primitive,  for  example  granite  on  limestone  contain- 
ing organized  remains  ;  shall  we  continue  to  call  this  upper  rock 
primitive  ?  Certainly  not.  We  must  then  either  give  it  a  new 
name  and  refer  it  to  a  new  class,  or  allow  that  there  are  rocks  of 
that  particular  name,  which  are  not  primitive  but  of  a  more  re- 
cent date. 

Such  is  the  granite  discovered  by  Von  Buch  in  Norway  near 
Christiania,  provided  there  be  no  mistake.  It  is  said  to  be  a  true 
granite  reposing  upon  a  limestone  containing  orthoceroD  and  oth- 
er indubitable  animals.  Allowing  the  reality  of  this  so  called 
granite,  it  is  a  solitary  case,  and  need  not  therefore  disturb  our 
general  arrangement.  If  it  be  an  exception  it  doubtless  had  a 
particular  cause. 

But  should  we  find  granite  containing  fish  or  shells  or  plants, 
would  it  be  a  primitive  rock  ?    Clearly  not.    We  should  then 


PRIMITIVE  ROCKS.  33 

as  before,  either  conclude  that  it  was  not  granite,  or  we  should 
allow  that  it  was  a  transition  or  secondary  granite.  No  such 
granite  has  however  been  discovered  and  probably  none  ever 
will  be.* 

IV.  The  fundamental  rocks  are  rarely  horizontal }  they  are 
usually  inclined  more  or  less  to  the  horizon,  frequently  at  a  high 
angle,  and  sometimes  they  are  found  vertical,  that  is,  their  stra- 
ta are  on  edge ;  but  the  progress  of  research  has  evinced,  that 
the  rocks  of  the  different  classes  are  occasionally  found  in  all  po- 
sitions. 

It  is  no  longer  considered  as  true,  that  position,  in  relation  to 
the  angle  formed  with  the  horizon,  is  decisively  characteristic  of 
the  different  classes  of  rocks.  Still  the  distinction  is  not  entirely 
abolished,  nor  entirely  without  utility.  Secondary  rocks  are  usu- 
ally horizontal,  or  not  many  degrees  from  that  position  ;  primi- 
tive rocks  are  perhaps  always  inclined,  often  highly  so,  and  al- 
most never  quite  flat,  and  the  transition  strata  are  generally  in  an 
intermediate  position.  lu  the  formations  of  North  America,  it  is 
however  much  more  common  to  find  primitive  rocks  at  low  levels, 

■  

and  at  moderate  angles  of  elevation,  than  in  Europe. 

In  observing  rocks,  their  position  with  regard  to  inclination, 
is  always  to  be  taken  into  view,  but  it  would  be  unsafe  to  rely 
upon  this  character  alone.  The  mineralogical  constitution,  geo- 
logical connexion,  and  extraneous  and  other  foreign  contents  of 
the  rock,  (if  any  are  present,)  must  also  be  taken  into  account  in 
judging  of  its  geological  character. 

V.  The  fundamental  rocks  are  called  primitive^  by  some  pri- 
mary or  primordial,  in  allusion  to  their  relative  antiquity ;  in  gc- 


*  Rocks  consistinji;  of  the  ruins  of  granite,  are  sometimes  mistaken  for  true  granite, 
and  it  requires  some  experience  to  avoid  being  deceived.  A  few  years  since,  I  receiv- 
ed an  account,  from  a  remote  interior  state  on  this  continent,  of  g^ranite  containing 
bituminous  coal  and  fossil  wood.  I  could  not  admit  the  correctness  of  the  observa- 
tion, and  accordingly  discovered,  on  receiving  specimens  of  the  so  called  granite, 
that  the  rock  was  a  sand  stone  made  up  indeed  of  quartz,  feldspar  and  mica,  but 
merely  in  the  state  of  loose  and  mechanical  aggregations  coastituting  a  genuine 
sand  stone,  which  had  probably  been  formed  from  the  decomposition  of  granite. 

5 
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ology,  this  fact  is  always  determined  by  their  position  and  con- 
stitution. 

The  term  is  not  intended  to  involve  theoretical  considerations, 
any  farther  than  it  designates  order  of  time;  and  whatever  theo- 
retical views  we  may  adopt,  we  must  admit  not  only  time,  but 
order  of  time.  As  to  the  amount  of  time,  geology  alone  is  not 
in  a  condition  to  decide  absolutely ;  judging  from  phenomena 
alone,  different  events  or  effects  would  require  periods  of  very 
different  length. 

If  we  could  admit  that  granite,  for  instance,  might  crystalize 
through  a  very  great  space,  in  a  short  time ;  it  would  still  be 
incredible,  that  granite  and  its  cognate  rocks,  gneiss  and  mi- 
ca slate,  and  clay  slate ;  then  graywacke  and  other  early  frag- 
mented rocks  ;  then  anthracite  coal,  with  transition  slates,  con- 
taining impressions  of  fern  leaves  and  of  trilobites ;  then  transi- 
tion limestones,  with  orthocera; ;  encrinites,  and  corals ;  then 
bituminous  coal,  with  slates  containing  fish,  and  sandstones 
containing  culmifcrous  plants ;  it  would  be  quite  ^credible, 
that  all  these  widely  different  deposits,  should  have  been  pro- 
duced, by  the  same  state  of  things,  and  laid  down  at  the  same 
time. 

VI.  The  principal  primitive  rocks  are  granite,  gneiss  and  mi- 
ca slate  and  other  slaty  rocks,  granular  limestone,  &c.  and  they 
generally  occur  in  a  particular  order,  granite  being  lowest. 

It  is  not  intended  on  this  occasion,  to  enumerate  all  the  rocks, 
or  to  describe  any  of  them  minutely.  In  studying  geologj',  it  will 
probably  be  found  the  most  convenient  and  intelligible  course, 
to  pursue  a  particular  rock  through  its  entire  history,  and  thus 
to  present  a  connected  view  of  it,  rather  than  to  mention  it,  in 
part,  under  the  primitive,  then  again  perhaps  in  the  transition, 
and  then  again  in  the  secondary  and  even  in  the  tertiarj'. 

Limestone  is  in  this  condition. 

"We  find  it  indubitably  primitive,  then  transition,  then  seconda- 
ry and  lastly  tertiary,  and  its  ruins  are  sometimes  found  even  in 
alluvial  or  diluvial  regions.     Slate  has  similar  characters.    The 
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fragmented  rocks  are  found  in  all  the  classes  except  the  primi- 
tive,* and  so  of  other  rocks  in  a  greater  or  less  degree. 

VII.  The  epoch  of  the  deposition  of  the  primitive  rocks  ap- 
pears to  be  coincident  with  that  of  the  early  prevalence  of  a 
primeval  ocean. 

This  abyss  of  waters  which  existed  at  an  early  unknown  peri- 
od, before  the  time  of  the  final  arrangement!  of  the  surface, 
which  preceded  the  creation  of  man,  and  continued,  we  may 
'suppose  for  an  unlimited  time,  is  just  such  a  state  of  things 
as  is  demanded  for  the  deposition  of  the  primitive  rocks,  and 
such  an  one  as  geologists!  generally,  both  admit  and  require. 
In  this  period,  the  primitive  rocks  were  probably  deposited,  and 
nothing  appears  to  forbid  the  admission,  that  there  was  time 
enough  for  the  formation  of  all  their  crystals,  and  for  their  reg- 
ular arrangement. 

The  marks  of  disruption,  dislocation  and  derangement,  which 
the  primitive,  as  well  as  other  rocks  present,  justify  us  in  the 
opinion,  that  there  were  occasional  catastrophes,  interrupting  the 
general  order  of  events,  and  producing  local  disorder ;  thus, 
strata^  may  have  sunk  by  subsidence,  for  want  of  adequate  sup- 
port, or  been  torn  asunder  by  earthquakes,  or  lifted  by  submarine 
volcanos ;  these  are  however  subordinate  events,  and  do  not  radi- 
cally alter  or  subvert,  although  they  may  modify  our  general  views. 

Some  however,  imagine,  that  entire  mountain  ranges,  and 
even  entire  continents,  have  been  raised  by  the  force  of  subterra- 
nean fire,  and  there  seems,  as  already  suggested,  no  inconsistency 
or  improbability  involved  in  the  admission,  that  igneous  and 
aqueous  agency  may  have  been  concomitant  and  co-operative, 

*  Dr.  MacCuIloch  admits  sandstoDe  into  the  primitiye,  but  in  this  he  appears  to  be 
Dearly  or  quite  alooe,  and  it  is  certainly  very  desirable,  and  also  very  practicable, 
to  avoid  so  embarrassing  an  anomaly. 

t  8ome  prefer  to  consider  it  as  a  reformation  from  the  wreck  of  a  former  world, 
or  more  correctly  speaking,  from  the  wreck  of  a  former  state  of  the  present  world. 

t  This  statement  requires  but  litUe  qualification,  even  as  regards  the  geologists 
who  imagine  a  vast  internal  fire,  by  which  the  primitive  rocks  were  deposited  from 
a  state  of  fusion,  for  they  are  obliged  to  call  in  the  aid  of  water  for  the  first  deposl- 
lion  of  the  materials  of  the  primitive  rocks,  and  of  course  for  the  secondary. 
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2ai  ibaL  br  their  alternating,  and  conflictiBg,  and  modifying  ef- 
fects^ tbej  may  have  produced  the  actoal  state  of  things  on  the 
smface  of  the  globe. 

A  T:i5t  mass  of  erklcnce  has  been  accumolated,  and  is  con- 
stastlr  izcieasing.  which  evinces  that  internal  fire  still  prevaib  to 
a  sieat  extent  in  the  interior  of  our  planet,  and  its  efiects  ap- 
pear  to  hare  been  the  greatest,  and  the  most   extensive,  in  the 
earfsest   periods.     A'ohranic  moontains  are  known  to  have  risen, 
eren  in  modem  timrs«  from  the  bosom  of  the  ocean,*  and 
permanent  rdands  hare  been,  and  arc  still  existing,  where,  in 
farmer  ages«  the  sea  raged  uncontrolled.    The  first  postelate 
of  the  philosophers  of   fire,  is  tberefere   proved  to  be  possi- 
ble«  bat.  where   mechanical  causes  are  largely  concerned,  it 
does  not  foBow.  that,  because  an  eflfect  of  a  certain  extent  has  ta- 
ken place,  that  therefore  one  vastly  greater  has  happened. 

Trap  rocks  may  have  been  produced  by  subterranean  and  sub- 
martik:  fire,  but  it  does  not,  therefore  follow,  that  a  continent  has 
ri»fn  fixKD  the  deep.  If  so«  either  it  was  accumulated  by  rac* 
cesetve  5i:bmarine  eruptions,  or  it  was  Kfied,  already  formed, 
by  subterranean  expansion,  and  in  either  case,  we  may  ask, 
wh^-nce  were  the  materials  supplied  ;  and  if  supplied  firora  the 
^x"^^^^<  immediatelv  beneath,  what  fills  the  void,  and  if  not 
ttHcd,  w  hxt  more  than  Roman  or  Gothic  arches,  are  prondeH  to 
sustain  the  trnormous  weight  of  a  continent,  and  to  prevent  its 
plunpn^  anew  into  the  ab}T$.  and  carrying  down,  like  a  sinking 
sh:p*  all  that  aro  embarked  upon  it.  Is  it  arched  over,  from  side 
to  sivic.  of  the  tremendous  ca>cTn,  resting  firmly  upon  the  abul- 
rot-'nts  \^'  the  <*.^!id  earth  *  Bui  what  securitv  is  there,  that  sub- 
torranoan  tiro  n:!I  not  null  those  abutments  down,  and  under- 
mint*  the  inoumKTt  conlinont  ? 

The  primitive  rocks  present  to  the  eye  of  one  who  has  been 
accustonuNl  to  examine  the  results  of  chemical  deposition,  very 
decisive  prv»ts  of  ha\mg  lH>en  in  that  state  of  mobility ^  which 
leaves  the  particles  at  liberty,  to  unite  according  to  the  laii-s  of 
corpuscular  attmctlon :  the  heterogeneous  particles  being  con- 


*  Ib  tbe  Gnrciui  Anckipe!j^\  Dear  the  Azore9,lLc.->See  .Am.  Jogr.  Vol.  XIII 
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oected  by  chemical,  and  the  bomogeneoiM  by  mechanical  attrac- 
tion. Thus,  in  felspar — the  silez,  composed  of  silicium,  or  silicon 
and  ozigen — the  alumine,  of  aluminum  and  oxigen — ^the  potassa 
or  soda,  of  potassium  or  sodium  and  oxigen — the  lime,  of  calcium 
and  oxigen,  and  the  oxid  of  iron,  of  iron  and  oxigen,  would  be 
formed,  supposing  these  to  be  the  ultimate  elements  of  the  min- 
eral, first  by  their  uniting,  chemically,  to  form  these  binary  com- 
pounds ;  then  these  binary  compounds  would  still  farther  unite, 
but  still  chemically,  to  form  the  integrant  particles  of  the  miner- 
al, and  these  particles  united  mechanically,  by  cohesion,  would 
form  the  mineral  itself. 

The  same  reasoning  may  be  applied  to  every  variety  of  rocks 
and  minerals.  Limestone,  consisting  for  its  immediate  princi- 
ples, of  lime,  carbonic  acid  and  water,  contains,  for  its  ultimate 
elements,  according  to  the  present  state  of  our  knowledge,  cal- 
cium, carbon,  hidrogen  and  oxigen ;  the  latter  principle  being 
united  with  each  of  the  former  ones,  so  as  to  produce  the  Ume, 
(oxigen  and  calcium,)  the  carbonic  acid,  (carbon  and  oxigen,) 
and  the  water,  (oxigen  and  hidrogen.)  If  the  limestone  were 
a  magnes^an  one,  then  we  must  add  oxigen  and  magnesium,  and 
so  of  other  earths,  as  silex  or  alumine,  if  they  were  present. 

How  far  back,  and  how  near  to  the  isolated,  independent  state, 
we  are  to  trace  each  element,  we  cannot  determine.  Whether 
the  elements  were  created,  in  the  first  place,  in  a  state  of  perfect 
freedom,  and  their  earliest  movement  was,  not  so  much,  that  of 
elemental  war,  as  of  elemental  combination ;  or  whether,  they 
were  combined  in  pairs,  and  those  pairs  again  combined,  to  form 
more  complex  results,  we  can  never  know  with  certainty ;  and 
all  our  suggestions  on  this  subject  being  necessarily  hypothetical, 
ought  of  course  to  be  concisely  stated. 

But  the  discussion  of  these  questions,  which  might  easily  be 
extended  to  the  most  complex  rocks,  and  to  all  their  imbedded 
minerals,  however  curious  and  even  interesting,  is,  in  no  way 
material  to  our  proceeding  to  reason  intdiigibly — may  we  not 
say  plausibly,  or  even  conclusively,  upon  the  act  or  process, 
which  must,  according  to  physical  laws,  have  preceded  the  con- 
cretion of  the  materials  of  the  primitive  rocks. 
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Suppose  the  elements  which  are  to  form  granite,  to  have 
ulready  uoited,  and  the  previous  fluidity,  whether  of  solotioo 
or  fusion,  or  both,  to  have  estabHshed  a  state  of  things  favor- 
able to  the  grand  result,  the  formation  of  the  different  minerali, 
a  simultaneous  deposition  must  of  course  happen  ;  the  quart:qr 
particles  must  find  their  fellows,  those  of  feldspar  will  do  the 
same,  and  those  of  mica  the  same,  and  the  three  minerals,  bom 
at  the  same  moment,  will  find  repose  in  the  same  cradle.  In 
the  same  manner,  their  ornamental  companions,  (not  essen- 
tial to  the  rock,  but  often  studding  it,  like  gems  set  in  rojal 
robes) — the  emeralds,  the  topazes,  the  garnets,  the  toarmalioes, 
and  the  other  crystalized  minerals  which  sparkle  in  the  bosom 
of  the  primitive  rocks,  declare  a  common  birth.  True  it  is,  that 
creative  power  could  call  the  rocks  into  being,  without  any 
ananging  process  in  their  parts,  but  no  analogy  countenances 
the  truth  of  such  a  supposition,  and  neither  moral  nor  physical 
reasons  oblige  us  to  admit  so  improbable  a  supposition. 

Who  has  contemplated  the  stupendous  garnets  of  Fahlun — the 
equally  gigantic  quartz  and  felspar  crystals  of  the  Alps — the  more 
delicate  emeralds  of  Brazil  and  Ethiopia — the  variously  colored 
tourmalines  of  Chesterfield,  and  Goshen,  Mass.,  and  of  Paris  in 
Maine — the  fluor  and  calcareous  spars,  of  Derbyshire  and  Cumber- 
land— the  idocrascs  of  Vesuvius,  and  the  rubies  and  sapphires  of 
Ceylon  and  other  regions  of  India,  the  bubbles  of  air  included  with 
water  and  other  fluids  in  quartz — the  fibres  of  amianthus — thecrys- 
tals  of  titanium — the  filaments  of  native  copper  and  silver  shut  up 
in  the  same  mineral— the  successive  crystalizations  of  galena- 
sulphate  of  barytes — calcareous  spar — quartz  and  fluor  spar,  often 
included  in  the  same  group — the  splendid  amethystine  and  oth- 
er geodes — little  grottoes  lined  with  polished  and  beautiful  geo- 
metrical figures — who  has  seen  all  these  things — the  ornaments 
of  our  cabinets,  and  has  doubted  that  they  were  as  truly  the  re- 
sults of  crystalization,  as  any  of  the  products  of  art.  which  are 
formed  in  our  laboratories  ? 

Crystalization  is  indeed  not  exclusively  the  attribute  of  primi- 
tive regions ;  but  in  such  regions  it  is  eminently  conspicuous,  and 
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if  we  find  crystals  in  the  productions  of  every  geological  age, 
we  are  thus  furnished  with  proof,  that  these  agencies  continued  to 
operate,  although  with  diminished  frequency  and  energy,  through 
all  succeeding  periods,  and  that  they  have  not  ceased  even  in  our 
own  times,*  for  mineral  crystals  are,  every  moment,  forming 
around  us. 

Still  no  one  finds  in  the  upper  secondary  rocks — much  less  io 
the  tertiary,  the  numerous  and  grand  crystals  that  are  common 
in  the  primitive,  and  even  to  a  degree  in  the  transition  formations, 
and  no  one  looks  for  those  grand  crystal  cavities,  fours  a  oris- 
tauxy  as  they  have  been  fancifully  called,!  except  in  the  ancient 
mountains,  and  in  the  veins  and  beds  by  which  they  are  intersected. 

No  person  who  has  been  conversant  with  the  effects  of  solu- 
tion, and  especially  of  solution,  aided  by  heat  and  pressure,  can 
easily  confound  them  with  those  of  mere  mechanical  deposi- 
tion. Take  a  piece  of  the  most  beautiful  granite — its  quartz  is 
translucent  if  not  transparent — its  feldspar  is  foliated  in  structure, 
presenting  two  regular  cleavage  planes,  united  at  definite  angles 
— its  mica  is  perfectly  foliated,  and  splits  into  innumerable  thin 
laminae,  each  of  which,  is  perfectly  transparent  and  has  a  high 
lustre,  and  this  last  property  is  common  (sometimes  in  a  less  de- 
gree,) to  the  quartz  and  the  feldspar.  Gneiss  and  mica  slate  and 
saccharoidal  limestone  are  distinguished,  in  a  greater  or  less  de- 
gree by  similar  characteristics.  Now,  transluccncy — transparen- 
cy— ^lustre — cleavage,  planes  and  regular  structure,  are  known 
and  established  results  of  chemical  deposition,  and  are  never  the 
effect  of  mechanical  aggregation.     Compare  the  above  proper- 


*  I  have  obtained  crystals  of  calcareous  spar — of  sulphate  of  barytas  Ad  of  sul- 
pihate  of  lime  and  some  of  diem  repeatedly  as  accidental  results  in  chemical  proces- 
ses :  I  have  seen  even  quartz  crystals  form  rapidly  under  my  eye,  and  others  have 
cited  them  as  slowly  produced  with  regularity  and  beauty,  from  the  fluoric  solution  of 
sUez.  Crystals  of  pyroxene — specular  iron,  titanium  and  other  minerals  have  been 
produced  by  volcanic  and  furnace  heat ;  more  than  forty  species  of  minerals  have 
been  observed  in  the  slags  of  furnaces,  and  white  pyroxene  has  been  produced  by 
the  action  of  fire  upon  the  constituents  of  this  mineral,  and  after  fusion,  it  has  re- 
eryitalized,  in  (he  same  form. — k^m.  Jour.  Vol.  10.  p,  190. 

t  Patrin's  mineralogical  travels. 
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ties,  with  those  found  in  a  piece  of  clay  or  chalk,  and  no  penon, 
however  unskilled  in  physical  characteristics,  can  possibly  attrib- 
ute them  to  a  similar  origin.  The  latter  have  as  obviously  sprung 
from  mechanical  as  the  former  from  chemical  laws ; — mechani- 
cal suspension  must  have  preceded  the  one,  and  solution,  fusion 
or  subUmation  the  other. 

Crystalization  is  the  most  exalted  agency  of  the  mineral  king- 
dom and  it  answers  to  organization  in  the  animal  and  vegetable; 
but  it  is  entirely  unconnected  with  the  principle  of  life.  It  re- 
sults in  the  production  of  regular  solids— often  of  beautifiil  figures, 
bounded  almost  always,  by  plane  faced  and  by  right  lines,  which 
constitute  the  outline  of  beauty  in  the  mineral  kingdom,  as  the 
curve  line  does  in  the  organized  kingdoms.    (Haiiy.) 

VIII.  Geological  research  clearly  proves,  that  the  earth  kku 
gradually  redeemed  frotn  the  universal  and  long  continued  do- 
minion of  water  under  which  it  lay  at  its  first  creation.  Theap> 
pearance  of  the  dry  land^  necessarily  implies  previous'  entire 
submersion,  and  taken  in  connexion  with  the  existence  of  the  uni- 
versal watery  abyss,  before  described,  necessarily  implies  all  that 
geology  requires  on  this  part  of  the  subject 

The  tops,  the  peaks  and  ridges  of  the  highest  mountains,*  be- 
gan then  to  appear,  as  they  emerged  from  the  universal  primi- 
tive ocean,  and  as  its  waters  gradually  retired,  the  land  became 
more  and  more  denuded,  and  at  this  period  and  not  before,  it  be- 
came possible,  that  vegetables  should  begin  to  exist,  because 
^  they  had  now  a  place  and  soil  on  which  to  grow. 

.  It  is  possible  (but  there  is  perhaps  no  positive  evidence  of  the 
fact,)  that  some  aquatic  plants  might  have  been  created  a  little 
earlier,  l|pt  the  primitive  ocean  was  evidently  then  too  much 
charged  with  mineral  matter  to  afford  a  proper  medium,  or  a 
proper  pabulum,  for  any  considerable  extent  of  animated  exist- 

'  V«j^.  *  It  is  not  material  here  to  discuss  the  origin  of  mountains — whether  they  were 

/  /  raised  from  below,  or  left  piominent  by  the  subsidence  of  the  contiguous  regions^ 

or  were  reared  by  accumulation ;  it  is  agreed  on  all  hands  that  they  existed  before 

the  subsidence  of  the  early  ocean,  whoso  retreat  must  of  course  have  first  exposed 

their  summits. 
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eDce,  either  vegetable  or  animal.  As  its  waters  were,  gradually, 
more  and  more  freed  from  foreign  matter,  by  the  progr^toive  de- 
position of  the  rocl^,  it  began  to  be  fitted  for  the  simpler  forms 
of  animal  life,  and  its  qualities  might  not  have  been  inconsistent 
with  the  existence  of  some  species  of  aquatic  plants ;  still,  we  be- 
lieve that  the  eailiest  impressions  of  vegetables,  found  in  the  tran- 
sition strata,  are  generally  those  of  land  plants,  or  of  those  which 
might  grow  on  shores  or  in  swampy  or  marshy  situations. 

Plants  are  not  numerous  in  the  transition  strata ;  as  far  as  they 
were  littoral,  aquatic  or  marine,  and  therefore  vegetating  in  or 
near  the  water,  they  would  be  found  in  the  deposits  of  stony  mat- 
ter that  were  embosomed  in  it ;  as  far  as  they  were  terrestrial, 
they  might  have  been  swept  in  by  winds,  storms,  tides,  and  cur- 
rents, and  would  thus  become  entombed.  As  to  the  animals,  they, 
being  altogether  aquatic  and  marine,  must  necessarily  Uve  and  die 
in  the  water,  and  their  remains  would  be  consolidated  in  the 
rocks  whose  deposition  was  then  going  on. 

TRANSITION  ROCKS. 

IX.  The  rocks  deposited  at  and  immediately  after  this  period^ 
ate  generally  less  crystcdine  and  more  compact  in  their  structure 
than  the  primitive. 

The  crystalization,  although  often  conspicuous,  is  more  con- 
fiised ;  in  the  transition  limestone,  it  sometimes  appears  only  in 
,  minute  platen  and  spangles,  but  the  translucence  is  usually  pre- 
served, especially  at  the  edges. 

The  number  of  foreign  and  imbedded  crystals  is  less  consider- 
able than  in  the  primitive  rocks,  and  we  begin  to  find  the  first 
proofs  of  certain  modes  of  mechanical  agency,  indiciting  the 
commencement  and  earliest  efiects  of  attrition  and  violence  upon 
the  rocks  already  formed. 

We  must  not  confound  these  mechanical  efiects  with  those  al- 
ready mentioned  in  relation  to  the  primitive  rocks,  among  which 
we  find  so  many  proofs  of  sudden  and  great  violence,  causing 
ruptures,  dislocations  and  injections  of  foreign  matter ;  the  rocks 
are  elevated,  contorted  and  fi^actured ;  veins  and  dykes  are  in- 


42  TRANSITION  ROCKS. 

troduced  cutting  the  strata  ;  some  of  the  strata  are  below  and 
some  abbve  the  common  level  or  plane  of  the  same  strata  con- 
tinued, but  the  rocks  are  generally  in  or  near  their  original  geo- 
graphical location,  and  pebbles,  gravel  and  bowlders  are  rardj 
found. 

Still,  in  our  artificial  arrangements  in  geology,  we  most  reroemr 
ber,  that  near  the  dividing  lines  of  contiguous  departments,  there 
are  mixed  characters.  In  rocks,  decidedly  primitive,  we  find  (espe- 
cially where  a  later  formation  is  about  to  commence)  marks  oi 
mechanical  agencies,  fragments  of  primitive  rocks,  and  entire  and 
sometimes  large  masses,  imbedded  in  a  basis  of  primitive tocL* 

X.  In  these  rocks^  we  find  (in  general)  for  the  first  time^fivg' 
ments  both  rounded  and  angular  ofaUthe  previous  rocks ;  some- 
times these  fragments  are  united  by  crystaline  matter,  fonmng 
the  paste  or  cement,  which  holds  them  together ;  at  other  times, 
the  paste  is  composed  of  nearly  or  quite  the  same  materials  with 
the  fragments,  but  in  a  state  of  much  finer  division,  and  at  other 
times  there  is  little  interposed  cement. 

We  must  not  confound  the  crystaline  with  the  fragmentary  or 
brecciated  rocks^  although  some  rocks  of  the  transition  class  are 
almost  entirely  crystaline,  and  others  are  made  up  chiefly  of  ruini 
assembled  and  cemented. 

In  the  formation  of  the  transition  rocks,  chemical  and  mechan- 
ical action  appear  to  have  been  sometimes  concomitant,  and  at 
other  times,  alternating.  « 

Among  the  transition  marbles,  which  are  decidedly  crystaline, 
we  may  mention  the  limestone  of  the  peak  of  Derbyshire,  and  the 
imbedded  animals  also,  are  often  crystaline  in  their  structure. 
Many  of  the  transition  limestones  may  be  called  at  least  sub-cryt- 
taline.  The  nmrbles  of  Bennington,  Middlebury,  and  Swanton 
in  Vermont — the  latter  on  Lake  Champlain,  are  translucent  at 
the  edges  and  evince  a  previous  state  of  chemical  solution  ;  those 


*  The  country  about  Northfield  and  Montague  and  Gill's  falls  in  Massachitsetis, 
.4>resents  remarkable  examples  of  this  nature,  and  they  are  the  more  interesting  titn 
Uie  fact  that  we  can,  in  the  course  of  a  few  miles,  trace  a  progress  from  rocks  deci- 
dedly primitive,  to  conglomerate  and  even  to  graywacke  and  sand  stone. 
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of  Hudson,  N.  York,  are  similar  and  abound  with  encrinital  re- 
mains. 

But  many  of  the  rocks  of  this  class  are  most  palpably  frag- 
mentary, and  the  fragments  are  of  all  sizes,  from  those  that  are 
scarcely  visible  to  the  naked  eye,  to  those  whose  dimensions  are 
measured  by  inches  and  even  by  feet 

The  graywackes  of  the  Chaudiere  falls  in  Lower  Canada,  of 
Rhode  Island,  and  of  the  Cattskill  mountains,  are  striking  exam- 
ples. 

The  brecciated  marble  of  the  Potomac,  employed  in  the  pub- 
lic buildings  at  Washington,  seems  to  belong  to  the  transition 
class.  It  is  a  remarkably  firm  rock,  composed  of  ovoidal  and  an- 
gular pebbles,  wliich  appear  to  have  received  their  shape  from 
firtction  in  water.  The  cement  is  a  more  minutely  divided  sub- 
stance of  the  same  kind,J[)ut  calcareous  matter  is  not  exclusively 
the  material  either  of  the  pebbles  or  of  the  cement. 

The  fragmentary  rocks  of  Rhode  Island,  extending  by  Provi- 
dence to  Boston,  and  which  are  very  conspicuous  in  Dorchester, 
Roxbury,  Brooklyn,  and  other  neighboring  towns,  are  fine  ex- 
amples of  early  formations  of  this  kind.  They  are  \ery  inter- 
esting five  miles  east  of  Newport,  at  a  place  called  Purgatory, 
where  a  large  mass  of  the  rock,  separated  by  the  natural  seams 
which  are  found  in  it,  running  parallel  for  a  great  distance  and 
cutting  the  pebbles  in  two,  has  fallen  out^  having  been  undermi- 
ned by  the  sea,  whose  waves,  when  impelled  by  storms,  break  and 
roar,  firightfully,  in  this  deep  chasm.    .    • 

The  pebbles  are  here  chiefly  quartz— ^they  are  ovoidal  in  form 
and  of  every  size  from  that  of  a  bird^s  egg  to  that  of  a  common 
keg,  and  they  lie  generally  with  their  transverse  diameters  parallel 

The  pebbles  of  the  fragmentary  rocks  .about  Boston  are  very 
various  in  their  composition,  obviously  however  the  ruins  chiefly 
of  primitive  rocks.  The  pebbles,  which  there  lie  in  the  roads  and 
fields,  have  proceeded  from  the  disintegration  of  this  pudding 
stone.  Although  to  estimate  comprehensively,  the  extent  and 
variety  of  fragmentary  rocks,  we  must  include  in  our  view  the 
vast  deposits  of  the  periods  later  than  the  transition  ;  still 
we  may  pause  a  moment;  at  the  geological  period  now  before 
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118,  and  enquire  whence  arose  the  mighty  masset  of  ruins  which, 
of  every  shape  and  variety  of  composition,  compose,  not  merely 
accidental  fragments,  or  here  or  there  a  stratum  or  a  bill,  but  whidi 
cover  myriads  of  square  miles,  are  sometimes  the  bosis  of  countries, 
and  rise  occasionally  even  into  mountains.  The  Cattskills  are  con- 
spicuous monuments  of  geological  revolutions.  Not  only  at  the 
base  but  at  the  summit,  thousands  of  feet  above  the  level  of  the 
Hudson  river,  we  find  these  mountains  composed  extensively  of 
fragmentary  rocks,  rounded  and  angular,  and  their  rude  piles  in- 
form us,  that  the  materials  of  which  they  are  built  were  once  loose 
and  rolling  about,  in  the  waves  of  the  early  ocean,  encounteriiig 
friction  and  violence,  in  their  various  modes  of  action. 

If  we  call  to  mind  the  sketch  recently  presented  to  us  of  tlie 
effects  and  proofs  of  crystalization,  as  exhibited  in  the  eariy 
primitive  rocks,  the  contrast  afforded  by  the  fragmentary  rocks, 
must  appear  very  striking,  and  connected  with  their  relative  po- 
sition, can  leave  no  doubt  on  the  mind,  that  they  arose  from  a 
subsequent  and  totally  different  state  of  things. 

What  were  the  causes  that  broke  up  portions  of  the  primitive 
rocks  and  lefl  their  ruins  the  sport  of  the  waves,  destined,  in  the 
progress  of  time,  to  be  cemented  again  into  firm  masses  T 

Beyond  the  wearing  effects  of  powers  still  in  action,  those  of 
the  weather  and  the  seasons,  and  of  the  vicissitudes  of  tempera- 
ture, we  are  at  liberty  to  add  the  convulsions  of  earthquake, 
tempest,  flood  and  fire,  by  which  our  planet  is  still  agitated.  Be- 
yond these  we  arc  not  at  liberty  to  go,  because  we  have  no  facts 
to  form  certain  grounds  of  reasoning  ;  but  the  causes  that  have 
been  named  would,  in  the  course  of  ages,  perform  the  work,  great 
as  its  results  may  now  appear. 

XF.  The  rocks  of  this  class  are  rarely  either  quite  vertical^  or 
quite  horizontal  in  their  position ;  their  strata  are  inclined  often 
at  high  angles  from  the  horizon ;  where  their  strata  come  in  con- 
tact with  the  primitive  rocks,  the  former  are  found  upon  the  latter, 
and  when  they  touch  primitive  mountains,  they  generally  slope 
down  their  flanks ;  always  lying  above  them,  but  deciioing  grad- 
ually towards  the  plain  countries,  and  terminating  commonly  be- 
neath them. 
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It  has  been  proposed  to  limit  their  obliquity  between  certain 
degrees,  for  instance,  10^  or  12^  and  45^.  It  is  probable 
that  these  boundaries  would,  in  fact,  include  most  of  the  trans- 
ition rocks;  but  it  would  be  inconvenient  to  restrict  ourselves 
within  these  limits,  because,  we  do  occasionally  find  transition 
rocks  that  range  both  below  and  above  these  degrees.  Indeed, 
the  progress  of  geological  investigation  has  proved,  that  there  is 
much  less  reliance  to  be  placed  upon  the  position  of  rocks  in  re- 
gard to  obliquity,  than  was  formerly  imagined  ;  although  this  dis- 
tinction is  not  to  be  abandoned.  Alone,  it  would  perhaps  rarely 
serve  as  a  just  ground  of  conclusion,  but  in  connexion  with  other 
characters,  it  is  a  valuable  auxiliary.  As  to  elevation,  transition 
mountains  are  not  the  highest,  but  they  often  attain  a  considera* 
ble  altitude,  as  in  the  Cattskills — two,  three  and  four  thousand 
feet :  and  transition  rocks  sometimes  occupy  also  low  levels. 

XIL  In  these  rocks,  we  find  the  first  traces  of  organized  be* 
ings ;  the  perfect  impresses  of  plants,  and  both  the  impresses  and 
the  entire  mineralised  bodies  of  millions  of  animals ;  the  deposi- 
tion of  these  rocks  was  therefore  cotemporary  with,  or  subse- 
quent to,  the  creation  and  propagation  of  the  organised  beings, 
whose  impresses  or  whose  bodies  they  contain,  and  it  is  self  ev- 
ident that  these  rocks  could  not  have  been  deposited  prior  to 
the  date  of  the  animals  included  in  them. 

Both  the  plants  and  animals  lived  and  died  at  or  near  the  pla- 
ces where  they  are  found  entombed  in  the  rocks ;  for  they  pre- 
sent, in  many  instances,  few  or  no  marks  of  violence,  or  of  acci- 
dent ;  their  most  delicate  parts  are,  often,  perfectly  preserved ; 
animals,  with  all  their  organs  entire,  and  plants  with  their  fibres 
and  leaves  in  full  expansion. 

We  must  not,  however,  understand,  with  too  much  strictness, 
that  every  thing  was  always  quiet  in  that  ancient  ocean.  There 
is  no  reason  to  doubt  that  there  were  tides,  as  the  laws  of  gravity 
were  doubtless  the  same  as  now  ;  there  were  probably  storms, 
and  tempests,  and  currents,  and  as  the  land  came  to  be  gradual- 
ly uncovered,  there  would  be  rivers  andtorrents ;  there  were  also, 
we  must  beKeve,  earthquakes  and  volcanos ;  hence,  or  from  one 
or  more  of  these  causes,  the  marks  of  violence  which  we  occa- 
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sionally  find,  one  stratum  having  its  included  mineralized  orgiluc 
bodies  entire,  and  a  contiguous  one  having  them  more  or  lea 
broken.    (Our  author,  page  24.) 

Both  the  plants  and  animals,  generally  belong  to  races  which 
are  no  longer  found  alive,  or  if  analogous  races  exist,  they  are  re> 
lated  to  the  ancient  ones,  rather  by  generic  than  by  specific  char- 
acters. The  animals  are  commonly  either  zoophites  (beloogiiig 
chiefly  to  the  coral  family)  or  shell  fish,  in  many  instances  desti- 
tute, or  nearly  so,  of  locomotivity ;  sometimes,  however,  they  are 
furnished  with  organs  for  motion.*  Sometimes  they  occupy  greit 
districts  of  country,  and  form  almost  the  entire  mass  of  marble,  ii 
the  bowels  of  mountains,  miles  firom  day  light,  and  they  are  m 
firmly  united  to  the  rock,  as  to  form  part  of  its  substance.  Many 
of  the  architectural  marbles  ow^mucb  of  their  beauty  to  imbedded 
animals,  myriads  of  which  lie  almost  in  absolute  contact,  the  mat- 
ter of  the  rock  only,  filling  up  the  void  between  them,  the  void 
occasioned  by  their  angular  and  confused  positions. 

There  is  no  difliculty  in  understanding  how  the  marine  aat 
mab,  the  encrinites,  for  example,  that  fill  the  transition  limestone 
of  the  Peak  of  Derbyshire,  came  to  be  thus  entombed.  We  can- 
not doubt  that  the  animals  received  their  existence,  and  lived  and 
died  in  an  ocean  full  of  carbonate  of  lime,  in  solution  or  in  me- 
chanical suspension,  or  both.  When  they  died,  they  of  course 
subsided  to  the  bottom,  and  were  surrounded,  as  they  lay,  by  the 
concreting  calcareous  matter.  Multitudes  of  them  were  present 
at  the  same  time  and  place,  in  all  the  confusion  of  accidental  po* 
sition,  and  therefore  were  enveloped,  just  as  we  find  them,  in  every 
imaginable  posture  ;  the  interstices  were  filled  by  the  calcareon 
deposit,  and  this  being  more  or  less  chemically  dissolved,  produced 
a  firm  sub-crystaline  mass,  a  section  of  which  shews  us  the  animals 
sawn  through,  and  admitting  of  a  polish  like  the  rest  of  the  rock. 
If  we  could  suppose  that  our  common  clams  and  oysters,  that 
lie  in  the  mud  of  our  harbors  and  inlets,  were  to  become  solidified 


*  Madrepores  and  encrioites  could  more  Tery  little ;  the  echinus,  liMiiid  in  < 
6iuj  rods,  Bioved  on  his  tpkne,  which  served  him  ibr  a  foot,  and  some  of  the  early 
diell  fish  had  organs  to  enable  them  to  rise  and  fall  in  the  water.  (Our  author.) 
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into  one  mass,  along  with  the  matter  which  envelops  them,  the 
case  would  not  be  dissimilar ;  only  they  would  be  enveloped  in 
earthy,  instead  of  crystaline  matter,  and  the  rock  formed  from  it 
would  be  referred  to  the  most  recent  secondary,  or  to  the  tertiary. 

It  is  easily  understood,  also,  how  a  new  stratum,  either  of  the 
same  or  of  different  constitution,  may  be  deposited  upon  a  pre- 
vious one ;  and  with  it,  the  bodies  of  the  animals  that  lived  and 
died  in  the  fluid ;  and  these  might  be  the  same  animals  with 
those  of  a  previous  stratum,  or  of  a  different  species  or  genus,  it 
being  understood  that  each  successive  stratum  was,  in  its  turn, 
the  bottom  of  the  then  ocean,  and  also  the  upper  or  last  consoli- 
dated layer  of  the  crust  of  the  earth,  as  it  then  was  at  that  place. 
.  As  we  have  no  direct  historical  evidence  to  the  facts,  it  is  im- 
possible to  say,  precisely,  what  circumstances  would  determine 
such  an  ocean,  to  deposit,  at  a  particular  time,  a  stratum  of  Ume- 
stone  with  madrepores  and  encrinites,  and  then  one  of  slate  with 
triiobites  and  fern  leaves,  and  then  one  of  breccia  or  sandstone 
with  stems  of  reeds  or  palm  leaves,  or  bodies  of  pectinites  and 
anomicB. 

But  it  is  easy  to  imagine,  that  if  all  the  causes  necessary  to  pro- 
duce these  events,  were  in  successive  operation,  the  events  might 
succeed  each  other  in  the  order  supposed ;  and  that  they  did  in 
fact  so  succeed  each  other,  cannot  be  reasonably  doubted,  any 
more  than  that  an  edifice,  having  trap  rock  for  its  foundation, 
and  sandstone  for  its  basement,  and  marble  for  its  superstructure, 
and  wood  for  its  roof,  and  finished  with  sheet  lead,  zinc  or  iron, 
was  actually  constructed  of  these  materials,  connected  by  the 
builder  in  that  order. 

The  great  truths  of  geology  are  few,  simple  and  intelligible ; 
needing  nothing  but  the  application  of  a  sound  judgment,  en- 
lightened by  science,  to  the  accurate  observation  of  facts.  The 
facts  can  often  be  distinctly  observed,  and  the  order  of  their  succes- 
sion ascertained,  whether  the  proximate  causes  and  the  immediate 
circumstances  can  be  discovered  or  not.  We  then  reason  upon 
them,  with  the  aid  of  the  knowledge  which  we  have  acquired, 
and  there  can  be  no  doubt  that  we  often  reason  conclusively  and 
correctly. 
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It  18  a  suppoMiioD,  altogether  inadmissible,  and  unworthy  of  a 
serious  answer,  that  the  animal  and  vegetable  races,  entombed 
in  such  profusion,  and  buried  often  under  entire  mountain  ranges, 
or  firmly  cemented  into  their  very  bosom,  were  created  as  we  find 
them*  On  the  contrary,  there  can  be  no  doubt  whatever,that  they 
were  once  living  beings,  performing  the  part  belonging  to  their 
respective  races,*  and  that  at  their  death,  or  soon  after,  they  were 
consolidated,  in  the  then  concreting  and  forming  rocky  strata. 

XIII.  The  transition  rocks  are  supposed  to  have  been  deposit- 
ed, while  the  earth  was  passing  from  the  state  of  a  watery  abyss 
to  a  habitable  condition,  and  therefore  they  received  the  name 
which  they  bear. 

The  leading  rocks  of  this  class  are,  most  of  the  variegated, 
firagmentary,  and  petrifaction  marbles,  many  pudding  stones, 
breccias  and  sand  stones,  all  the  gray  wackes  and  many  slates, 
e^>ecially  those  connected  with  the  anthracite  coal ;  such  as  that 
of  Lehigh,  that  of  Wilkesbarre,  and  that  of  Rhode  Island,  besides 
other  strata. 

Some  geologists,  instead  of  a  transition  class,  prefer  referring 
these  rocks  principally  to  those  which  we  shall  next  describe,  on- 
ly considering  a  part  of  them  as  the  older  rocks  of  that  class, 
and  another  part  as  newer  members  of  the  preceding. 

It  is  less  important  which  method  is  pursued,  than  that  the 
characteristic  distinctions  of  the  rocks  should  be  clearly  pointed 
out. 

The  word  transition  is  also  partly  descriptive  of  the  characters 
as  well  as  of  the  supposed  age  of  these  rocks :  their  characters 
are  generally  midway  {in  transitu)  between  those  of  the  primitive 
and  of  the  secondary  rocks,  and  we  slide  down  by  a  pleasing  and 
instructive  progression  from  the  one  to  the  other. 

*The  trilobite,  one  of  the  early  fiMsilized  and  imbedded  animals,  could  bend  his 
body  double,  like  a  lobster,  having  in  his  back,  the  same  jointed  articulation ;  we 
find  him  sometimes  doubled,  and  sometimes  expanded,  as  he  lies  in  the  rocks,  and 
his  eyes  are  often  standing  prominently  out.  Grand  trilobites,  of  singular  size  and 
perfection,  were  shown  me  by  the  late  Mr.  John  Sherman,  at  Trenton  Falls,  near 
Utica,  (New  York)  where  diey  were  obtained.  They  seemed  aboost  looUng  out  «f 
the  black  limestone  rock,  as  if  still  animated. 
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I  am  therefore  inclined  to  retain  the  word  and  the  class  tran- 
jiition,  although  without  confining  it  to  the  precise  limits  designa- 
ted by  Werner,  who  introduced  this  division. 

It  is  seen  at  once,  what  inconvenience  is  experienced,  when 
we  attempt  to  dispells^  with  the  transition  class  of  rocks.  We 
either  produce  confusion  in  the  primitive,  by  attaching  to  it  the 
uhhatural  appendage  of  early  fragmentary  rocks,  or  we  swell  the 
secondary,  already  sufficiently  fiill. 

There  is  also  this  additional  embarrassment  in  giving  up  the 
transition  class.  Either  we  throw  into  the  primitive  class,  rocks 
containing  organized  remains,  which  creates  a  very  unfortunate 
blending  of  formations  extremely  dissimilar,  or  we  extend  the 
secondary  class  still  more,  and  group  together  organized  remains 
of  almost  all  ages,  of  all  indeed,  except  of  the  tertiary  and  allu- 
vial.* 

Regarding  therefore,  for  the  present,  Werner^s  theoretical 
ideas  as  to  the  transit  of  the  earth  from  a  chaotic  to  a  habitable 
state,  in  no  other  light,  than  as  the  ground  of  a  classification,  we 
find  that  it  is  impossible,  without  great  inconvenience,  to  neglect 
those  peculiar  characters  and  circumstances  which  denote  an  ac- 
tual transition  in  the  nature  and  position  of  the  rocks,  and  which 
therefore  sustain  the  propriety  of  this  or  of  some  analogous  divis- 
ion. 

XIV.  Not  only  the  tops  and  ridges  but  the  flanks  of  the  high- 
est Alpine  chains  were  now^  as  we  may  presume^  uncovered^  and 
with  them  a  portion  of  the  highly  elevated  land  was  brought  into 
view ;  the  valleys,  basins,  defiles  and  plains,  with  the  moderately 
elevated  regions,  were  probably  still  covered  by  the  remains  of 
the  original  ocean,  and  the  waters  appear  to  have  been  fi'eed  from 
a  considerable  portion  of  their  chemically  dissolved  mineral  con- 
tents ;  it  would  seem  however  that  they  still  retained  matter  in 


*  The  ingenious  division  of  Messrs  Conybeare  and  Philips,  is  not  chargeable  witfi 
these  inconveniences,  and  is  in  many  respects  very  good ;  but  hitherto  it  is  little 
known  out  of  England,  and  perhaps  it  has  a  happier  application  in  that  country* 
where  die  coal  strata  hold  so  conspicuous  a  rank,  than  in  most  other  countries. 
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cbemical  solution,  and  much  that  was  in  loose  fragments  orae- 
chanically  suspended ;  the  latter  state  of  things  necessarily  nuut 
have  occurred,  because  there  was  now  an  extensive  surface  ex- 
posed to  mechanical  agencies.  It  would  however  appear  that 
the  waters  had  become  much  more  fitted  to  support  life,  and 
the  life  of  animals  of  more  complex  structure,  and  which  de- 
mand a  purer  medium  and  a  pabulum  less  mineral.  Every  thing 
seems  now  to  have  been  prepared  for  the  next  grand  epoch. 

The  creation  of  the  vegetable  and  animal  racee  appears  to 
have  gone  on  progressively  with  the  deposition  of  the  mineral 
strata  and  masses.  It  is  impossible  to  form  any  other  iDfiareBce, 
if  we  examine  the  contents  of  the  terrene  crust  The  only  point 
that  admits  of  discussion  is,  as  to  the  amount  of  time  employed. 
Wc  shall  be  in  the  best  situation  to  judge  of  this  after  having 
surveyed  the  entire  subject,  including  the  phenomena  of  the 
deluge,  which,  being  the  last  grand  catastrophe,  that  has  hap* 
pened  upon  the  planet,  has  left,  as  might  be  supposed,  its  vesti- 
gia every  where.  These  appearances  and  their  causes  must  form 
a  distinct  subject  of  consideration,  and  no  one  can  reason,  cor- 
rectly and  conclusively,  upon  geology,  who  does  not  separate  the 
events  connected  with  the  great  catastrophe  which  destroyed 
nearly  the  whole  human  family,  and  most  of  the  animals,  from 
those  events  which  belong  to  the  earlier  periods  of  the  planet  and 
preceded  the  creation  of  man. 

Tlic  geological  evidence  that  supports  the  history  of  the  flood 
is  most  abundant  and  altogether  satisfactory  ;  but  it  is  peculiar, 
and  appropriate,  and  is  very  much  confused  and  weakened,  bf 
being  blended  with  the  facts  belonging  to  the  primitive  wateiy 
abyss,  most  of  which  have  no  connexion  with  or  resemblance  to 
tlie  events,  belonging  to  this  period. 

Before  geology  had  become  a  science,  it  was  very  natural  and 
perhaps  unavoidable,  that  these  effects  should  be,  to  a  degree, 
confounded,  but  the  discrimination  which  divides  them  and  as* 
signs  to  each  the  results  that  belong  to  it,  is,  in  most  cases, 
no  longer  difficult,  and  it  is  very  unhappy,  in  every  view^  that  mis- 
takes should  be  committed  on  this  subject. 
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XV.  Ftom  this  period  there  is  a  progression '  in  the  posi- 
tion^ constitution  and  contents  of  the  rocks^  which^  although  U 
sometimes  presents  only  shades  of  difference^  in  contiguous  mem- 
bers^ is  widely  diverse  in  the  extremes^  and  occasionally  in  depo* 
sits  of  nearly  the  same  age. 

Id  our  artificial  divisions  of  natural  subjects,  we  are  liable  to 
do  violence  near  the  dividing  lines.  This  is  particularly  true  in 
geology.  If  we  can  hardly  separate  the  later  members  of  the 
primitive  from  the  earlier  members  of  the  transition  class  of 
rocks,  it  is  perhaps  still  more  difficult  to  distinguish  accurately 
between  the  borderers  of  the  transition  and  the  secondary. 

Still,  for  the  sake  of  perspicuity  and  for  the  assistance  of  the 
memory,  it  is  necessary  to  fix  the  limits  between  the  two. 

But  the  truth  is,  that  there  is  a  gradual  and  instructive  pro- 
gression from  the  earliest  primitive  down  through  the  transition, 
secondary  and  tertiary,  to  the  diluvial  and  alluvial,  including  the 
undoubted  but  anomalous  productions  of  fire,  the  lavas ; — and  the 
trap  rocks  and  some  of  the  porphyries,  which,  in  the  opinion  of 
most  geologists,  had  the  same  origin. 

After  the  geological  student  has  surveyed  the  whole,  ho  will 
be  little  embarrassed  by  the  artificial  divisions  which  have  aided 
him  in  his  research.  Having  reached  the  top  of  the  building,  he 
will  regard  the  stages  and  ladders  by  which  he  ascended,  not  as 
essential  parts  of  the  edifice,  but  merely  as  the  means  of  his  ele- 
vation. 

XVI.  The  position  of  the  secondary  rocks  ii  generally  horizon- 
tal or  nearly  so^  varying  commonly,  but  a  few  degrees  from  that  po« 
sition.  Sometimes  however,  they  are  found  inclined  at  high  angles, 
and  even,  as  is  asserted,  in  a  few  rare  cases,  in  a  vertical  position. 

The  truth  seems  to  be  here  also  as  with  the  primitive  and 
transition^  that  position  in  regard  to  obliquity,  is  not  a  decisive 
indication  of  the  character  of  a  rock  ;  still  the  positions  of  the 
rocks  are  generally  those  that  have  been  described. 


53  SECONDARY  ROCKS. 

These  rocks,  where  they  are  found  in  connexion  with  the 
classes  before  described,  generally  occupy  the  lower  declivities  of 
the  mountains,  reposing  upon  the  transition  rocks,  or  if  these  are 
wanting,  upon  the  primitive,  and  they  often  slope  gradually  away 
into  the  plains  of  which  (if  they  are  present  at  all,)  they  form  the 
upper  surface ;  these  rocks  are  not  always  found  on  the  plains, 
whose  immediate  surface  is  sometimes  formed  by  rocks  of  the 
transition  or  primitive  class.  But  when  the  three  are  present  at 
once  (which  frequently  happens)  those  rocks  now  under  consid* 
eration  are  on  the  top,  the  transition  are  next  below  and  the 
primitive  at  the  bottom.  It  is  believed  that  in  every  country,  by 
perforating  to  a  certain  depth,  we  should  always  arrive  at  primi- 
tive rocks,  but  in  particular  situations,  those  of  either  class  may 
be  occasionally  found  on  the  surface >;  the  newer  rocks  when  ab- 
sent, either  never  having  been  deposited  in  that  place,  or  having 
been  removed  by  gradual  or  by  violent  operations. 

The  primitive  rocks,  form,  by  far,  the  greater  part  of  the  crust 
of  the  globe  ;  they  constitute  the  firm  basis  of  every  country. 
Whether  they  appear  at  the  surface  or  not,  depends  upon  the 
presence  or  absence  of  the  other  classes  of  rocks. 

Either  of  those  classes  may  at  particular  places,  cover  the  sur- 
face, and  should  the  secondary  alone  appear,  it  may  be  impK>ssi< 
ble  to  know  whether  the  rocks,  intermediate  in  character  be- 
tween the  secondary  and  the  primitive,  (the  transition)  exist  be- 
low ;  but,  in  general,  we  may  he  sure  of  this  fact,  that  a  newer 
rock  will  not  be  found  below  an  older  one. 

It  may  happen,  as  in  Saxony,  and  many  other  countries,  that 
the  several  classes  of  rocks  may  be  exhibited  in  regular  succes- 
sion, the  older  rocks  breaking  through  the  newer  and  exposing 
portions  of  their  masses  uncovered. 

It  may,  even  happen,  that  the  peaks  and  ridges  may  be  primi- 
tive, the  higher  slopes  and  flanks  transition,  the  lower  secondary 
or  tertiary,  and  the  plains  and  hollows  diluvial  or  alluvial,  with 
perhaps  an  interlude  of  trap,  or  porphyry,  or  trachytic  rocks,  in- 
truding among  the  rest,  or  crowning  some  of  them  ;  but  this  reg- 
ularity of  order  is  rarely  found  in  full  detail. 
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XVII.  The  rocks  of  this  clcus  are  called  secondary^  in  reloHon 
to  the  supposed  period  of  their  deposition.  They  occupy  some 
entire  couDtries,  covering  the  primitive  and  transilioD  claases. 
They  are  not  always  confined  to  plains  and  basins,  biU  firequent- 
ly  rise  into  hills ;  sometimes  even  into  mountains  of  moderate 
elevation,  and  frequently,  they  form  what  is  called  a  rolling  sur^ 
face. 

Secondary  countries  constitute  a  very  considerable  part  of  the 
earth^s  upper  surface.  A  vast  tract,  mainly  secondary — some  of 
it  perhaps  mounting  to  the  transition— extends  from  the  western 
slopes  of  the  Alleghany  mountains  to  the  Rocky  mountains,  form- 
ing  one  of  the  largest  surfaces  of  derivative  rocks  in  the  world.    . 

On  the  contrary,  extensive  ranges  of  the  Alleghany  mountains, 
running  parallel  with  others  of  the  secondary  and  transition  class, 
are  primitive,  and  primitive  rocks  occupy  the  surface  of  a  very, 
large  part  of  the  eastern  or  New  England  states. 

Consequently,  as  in  other  regions,  the  scenery,  the  building 
materials,  the  soil,  the  agricultural  processes  and  productions, 
and  the  very  manners  and  modes  of  life  of  the  inhabitants, 
vary  with  the  physical  features  of  the  country.  This  is  true  also 
of  the  water  courses  and  water  power,  the  qualities  of  the  water, 
and  to  some  extent,  of  the  very  aspect  of  the  sky. 

XVIII.  Their  constitution  is  progressively^  less  and  less  chem- 
ical^ and  more  and  more  mechanical^  in  some  degree^  according  to 
their  age ;  the  older  members  of  the  series  contain  considerable 
traces  of  crystalization,  but  the  newer  are  often  quite  earthy,  and 
composed  of  finely  divided  parts,  aggregated  with  little  or  no  crys- 
taline  matter  between  the  portions.  The  transparency,  lustre  and 
pure  bright  colors ;  the  numerous  aggregated  and  imbedded  crys- 
tals, and  the  delicate  structure  of  parts  so  conspicuous  in  the  older 
rocks,  are  almost  entirely  wanting,  in  the  most  recent  secondary. 
When  crystals  are  found,  they  have  generally  resulted  fi*om  the  in- 
filtration of  fluids,  subsequently  to  the  formation  of  the  rocks,  and 
therefore  the  crystals  occupy  veins  and  cavities,  and  the  mass  of 
the  rock  is  commonly  destitute  of  them. 
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Tlie  agency  of  subterranean  fire  may  have  produced  many 
cryatalizations,  especially  in  the  ignigenoas  rocks,  and  we  are  not 
to  suppose  that  all  crystals  have  originated  from  aqueous  solo- 
tion.  It  has  been  proved,  as  well  by  the  crystals  produced  bj 
fire,  in  the  case  of  volcanic  eruptions,  as  by  those  which  are  oc- 
casionally found  in  the  furnaces  of  the  arts,  and  in  heated  and  ig- 
nited vessels  in  our  laboratories,  that  heat  can  form  these  beaiiti« 
fiil  solids ;  but,  in  general,  there  appears  no  reason  to  suppose 
thai  secondary  rocks  have  been  exposed  to  heat ;  and  we  knA  b 
Tain  for  the  splendid  imbedded  crystals,  as  well  as  for  the  general 
crystaline  structure,  by  which  the  earlier  primitive  rocks  are  dis- 
tinguished. 

Yfho  expects  to  see  in  the  sandstones  and  shales,  and  in  tbe 
compact  limestones,  that  display  of  crystals,  which  is  so  cob« 
mon  in  the  primitive  ? 

We  must  not,  however,  attempt  to  limit  natural  operations  too 
strictly.  Every  thing  is  not  chemical  that  is  early,  nor  every 
tiling  mechanical  that  is  late.  In  the  progressive  developmcsl 
of  the  present  order  of  things,  there  appear  to  have  been  altera- 
tions,  and  successions  of  periods  characterized  by  chemical  and 
mechanical  deposits.  The  fragmentary  rocks  begin  very  early, 
immediately  after  the  primitive,  and  even,  perhaps,  with  ths 
latest  of  that  class,  and  they  continue  through  all  the  forma- 
tions, down  to  tlie  alluvial  and  diluvial.  Their  deposits  are, 
however,  often  interrupted  by  chemical  formations,  and  there- 
fore we  still  find  chemical  deposits,  even  among  the  secon- 
dary, and  mechanical  among  the  transition.  This,  however, 
does  not  seriously  invalidate  the  truth  of  the  general  statement, 
that  the  higher  we  mount  in  the  ages  of  rocks,  the  more  chemi- 
cal they  are  in  their  composition,  and  the  lower  we  descend  is 
time,  the  more  mechanical. 

It  is  generally  true,  that  the  lower  the  position  of  a  rock,  the 
deeper  it  lies  in  the  earth,  the  more  chemical  is  its  constittttkm, 
and  the  more  superficial,  (provided  the  several  classes  of  rods 
be  present  at  the  same  place)  the  more  mechanical  it  will  be 
found.     These  truths,  originally  developed  by  Werner,  have 
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been,  in  part,  questioned  or  denied  by  Dr.  MacCoIlocb,  tipoa 
the  evidence  of  the  strata,  contained  in  a  verj  Umited,  although 
a  very  interesting  district,  the  West  of  Scotland ;  but  the  siruc' 
ture  of  the  United  States,  and  generally  of  North  America,  great* 
ly  confirms  the  original  view  of  the  geologist  of  Friburg. 

There  are  splendid  crystahsations  in  the  transition  and  earlier 
secondary  limestone,  as  in  Derbyshire,  and  at  Lockport  and  Ni« 
agara,  in  the  State  of  New  Yoit.  In  the  two  latter  placest,  id* 
though  the  rocks  are  usually  called  secondary,  and  lie  very  flat, 
there  is  a  strong  approacimation  to  the  transition  character. 

XIX.  The  secomUary  rocks  are  often  compoeed  of  patpaible 
fragments^  being  the  rume  of  the  preceding  rocks. 

Many  breccias  and  pudding  stones,  and  a  vast  variety  of  sand- 
stones, are  of  this  description ;  and  whether  they^  are  older  or 
newer  deposits  of  this  kind,  that  is,  whether  they  arevefbrrible  to 
the  transition  or  secondary  rocks,  must  be  decided  by  tbev  ap- 
pearance, relative  position,  contents,  <&c.  The  most  recent  sec-^ 
ondary  deposits  are  scarcely  to  be  distinguished,  except  by  their 
stronger  aggregation,  from  clays,  soil  and  sand,  and  other  merely 
earthy  masses,  of  the  tertiary  or  alluvial. 

Indeed,  the  tertiary  class,  introduced  vnthin  a  few  years,  com- 
pletes the  connexion  between  the  secondary  and  the  most  recent 
deposits.* 

XX.  The  secondary  rocks^  as  a  class^  abound  with  brganized 
bodies^  and  with  their  relics  and  impresses. 

It  is  not  true,  that  ecery  secondary  rock  contains  such  remains, 
nor  that  the  same  rock  is  always  characterized  either  by  their 
presence  or  absence;  but,  secondary  rocks  often  contain  or- 
ganiased  remains,  in  astonishing  quantities. 


*  Some  persons  have  urged  that  the  term  primary  should  be  applied  to  the  primi- 
tive rocks,  secondary  to  ^e  transition,  and  tertiary  to  the  secondary.  This  would  na 
doubt  be»  tmmcrfcagy,  more  correct,  hot  it  wmild  not  now  be  judicious  to  disturb 
the  received  acceptation  of  words,  which  really  convey  no  fiJie  idea,  and  we  ahoald 
lose  the  advantage  of  the  word  transition,  which  is  very  significant,  and  in  the  sense 
which  has  been  explained,  its  use  is  very  just.  Besides,  a  fivquent  change  of  tennf 
Is  »  great  evil,  and  it  is  one  of  die  vices  of  Uie  science  of  this  age. 
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The  older  rocks  of  this  class,  generally  abound  in  sheik  of  mol' 
luscous  animals,  principally  of  extinct  genera,  and  there  is  a  pro- 
gression through  the  more  recent  strata,  exhibiting  a  greater  and 
greater  approximation  towards  the  more  compUcated  structure  of 
the  most  perfect  animals ;  and  the  newer  rocks  of  this  class,  and 
of  the  strata  that  lie  upon  them,  including  the  tertiary,  contain 
reptiles,  fish,  and  even  birds,  and  some  terrestrial  quadruped& 
Within  a  few  years,  however,  the  skeletons  of  some  very  large 
oviparous  animals  of  the  crocodile  family,  namely,  the  ichthyo- 
saurus or  fish  lizard,  the  megalosaurus  or  great  lizard,  and  the  pis- 
siosaurus,  have  been  found  in  the  lias  limestone  of  England. 

The  secondary  rocks  abound  with  the  impressions  of  pfauiti, 
and  there  is,  with  respect  both  to  them  and  the  animals,  a  grad- 
ual progress  from  those  which  are  unknown,  or  little  known  at 
the  present  day,  up  to  those  that  are  similar  to,  or  identical  with, 
the  existing  races.  Many  dbtinguished  geologists  entertain  the 
opinion,  which  is  sustained  by  numerous  observations,  althoogii, 
perhaps,  not  absolutely  confirmed  in  its  fullest  extent,  that  the 
same  rocks,  either  of  the  transition  or  secondary  kind,  contais, 
when  they  have  any  such  relics,  organized  remains  of  the  same 
species  or  genera  of  plants  and  animals,  so  that  a  given  rock, 
in  the  most  remote  countries,  exhibits,  as  is  supposed,  substan- 
tially the  same  relics,  and  therefore  it  is  inferred  that  the  depo- 
sition of  these  rocks  probably  arose  from  the  same  causes,  and 
was  attended  by  similar  circumstances.  If  this  position  is  not 
fiilly  established,  so  considornble  an  approximation  has  been  made 
towards  confirming  it,  that  the  fossil  organic  bodies  contained  in 
rocks,  are  now  considered  as  good  indicia  of  the  geological  age 
and  character  of  the  strata  in  which  they  occur. 

It  is  to  ^observed,  that,  excepting  in  the  coal  formations,  the 
remains  <^plants  are  much  less  numerous  in  the  rocks,  than 
those  of  animals ;  and  among  animals — until  we  arrive  in  the  moit 
superficial,  and  the  most  imperfectly  consolidated  rocks — the 
greater  part,  both  in  the  transition  and  secondary  formations, 
are  marine  or  aquatic. 

It  is  easy  to  understand  why  plants  are  less  frequent  than  ani- 
mals.   Until  the  latest  periods  of  the  redemption  of  the  earth 
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from  the  dominion  of  water,  there  must  have  been  a  much  less 
pcifect  accommodation  of  things  to  vegetable,  than  to  animal 
life,  and  therefore  it  might  be  exf>ected  that  the  impresses  of 
plunts  should  be  more  rare  than  those  of  animals. 

They  are  few  m  the  transition  rocks,  and,  in  that  class,  they 
are  most  frequent  in  the  strata  connected  with  the  anthracite 
coal. 

Among  the  secondary  rocks  also,  they  are  most  abundanlt  in 
the  tNtuminous  coal  formation,  and  they  increase  in  quantity  and 
variety,  as  we  approach  the  tertiary,  in  which,  and  the  most  re- 
cent secondary,  they  are  numerous ;  and  we  end  by  finding  in- 
humed wood  in  the  form  of  lignite,  or  bituminised  wood,  or  wood 
shghtly  mineralized ;  and  eventually  we  find  wood  unchanged ; 
and  thus  we  trace  the  vegetable  families,  from  their  commence- 
ment on  the  borders  of  the  primitive,  quite  down  to  our  own 
times. 

The  remarks  that  were  made  on  the  fossil  animal  remains  of 
the  transition  class,  are,  in  a  great  measure,  applicable  here.  As 
the  earher  animal  races  were  evidently  produced,  lived,  and  died, 
in  the  water,  and  as  eveii  many  of  the  more  recent  were  amphib- 
ious, we  cannot  be  surprised  that  their  remains  should  have  been 
deposited  in  the  bottom  of  the  then  existing  ocean,  where  they 
mppear  to  have  been  consolidated,  along  with  the  matter  of  the 
rocks,  which  was  in  the  course  of  deposition  around  them.  Their 
deposition  was  evidently  progressive ;  and  successive  genera- 
tions, either  of  the  same,  or  of  different  species  and  genera,  were, 
in  their  turn,  entombed  and  mineralized,  and  thus  prepared  for 
exhibition  to  the  men  of  remote  ages,  who  should  chance  to  look 
into  the  natural  mausoleums  containing  them. 

The  testaceous  animals,  being  already  protectecUiv  a  natural 
calcareous  covering,  needed  to  be  changed  only  in  the  interior 
or  living  part  Sometimes  this  is  petrified  with  the  same  mineral 
matter  as  Che  shell ;  at  other  times,  the  shell  is  calcareous,  and 
(he  animal  is  silicified  ;  this  is  the  fact,  particularly  with  many 
of  the  chalk  lossils;  the  echinus  and  the  alcyonia  are  often  masses 

ft 
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of  flint,  still,  however,  retaining  the  organized  form,  while  every 
thing  around  them  is  calcareous. 

It  is  scarcely  possible  to  doubt,  that  the  process  of  animal  and 
mineral  deposition,  which  has  been  thus  concisely  described,  was 
that  which  really  happened.  Whatever  may  have  been  the  op- 
erations of  fire,  at  preceding  or  subsequent  periods,  it  b  impo8si<- 
ble  that  it  should  have  been  concerned  in  the  first  deposition  of 
the  mineral  strata,  containing  organized  remains.  Indeed,  no 
geologist,  however  inclined  to  attribute  as  many  things  as  posn- 
ble,  to  igneous  agency,  has  supposed  that  animal  or  vegetable 
life  could  ever  be  produced  or  sustained  in  the  midst  of  fire;  and 
indeed,  it  is  quite  incredible,  that  strata,  containing  distinct  or- 
ganized remains,  were  ever  melted ;  nor  is  it  easy  to  imagine  that 
they  could  be  even  softened,  in  any  great  degree,  withoot  de- 
stroying or  materially  deranging  the  organized  texture.* 

XXI.  It  appears  evident  that  the  mineralized  plants  and  amr 
Mats  of  the  solid  strata  have  not  been  collected  in  these  sitvaHms^ 
by  any  sudden  and  locals  or  even  general  caicutrophe^  for  as  an 
author  remarks^  ^  among  the  immense  number  of  firasil  shells, 
many  are  remarkable  for  their  extreme  thinness,  delicacy  and 
minuteness  of  parts,  none  of  which  have  been  injured,  but  on  the 
contrary  are  most  perfectly  preserved.^^  Among  the  plants  of 
the  coal  formation  situated  sometimes  hundreds  and  thousands 
of  feet  below  the  surface,  and  covered  by  many  beds  of  solid 
rocks,  their  leaves,  many  of  which  are  of  the  most  tender  and 
delicate  structure,  are  found  fully  expanded,  and  in  their  natural 
position,  in  regard  to  the  rest  of  the  plant  and  laid  out,  as  it 
were,  with  as  much  care  as  in  the  hortus  siccus  of  a  botanist 
The  minutest  parts  do  not  appear  to  have  suffered  attrition  or 
injury  of  any  kind.t 


*  Or^nized  remains,  or  more  strictly,  petrifactions,  have  been  beautifiiUy  named, 
the  medals  of  the  creation.  Laid  by,  in  ancient  and  progressive  time,  in  the  boMOi 
of  the  deep,  in  which  the  rocks,  containing  them,  were  formed,  they  fumiah  a  per- 
petual  incentive  and  reward  to  investigation. 

f  To  the  truth  of  this  remark,  there  are  of  course  exceptions;  there  are  disorder- 
ed strata  and  aggregates,  upon  which  are  impressed  marks  of  violence,  exerted,  ei- 
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It  is  evident  therefore,  that  notwithstanding  partial  and  local 
exceptions,  the  general  state  of  things,  at  the  time  of  these  de- 
positions, was  favorable  to  the  quietness  of  animal  and  vegetable 
life,  and  to  (he  preservation  of  the  remains  of  both  kingdoms. 

XXII.  Without  excluding  the  possibility  of  transportation  in 
particular  cases,  there  can  be  little  doubt,  that  in  general  these 
plants  and  animcUs  lived  and  died  at  or  near  the  places  where  their 
remains  are  found,  and  that  at  least  those  which  are  mineralized 
and  entombed  in  the  rocks,  have  no  connexion  with  the  deluge. 
^'  Compare  the  calm  deposit  of  shells  and  the  appearance  of  the 
still  calmer  death  of  the  antediluvian  vegetable  world  with  the 
bowlder  stones,  the  gravel  and  the  disjointed,  dispersed  and  frac- 
tured osteology  of  the  diluvial  deposits,  and  it  will  be  allowed 
that  there  is  not  the  slightest  analogy  between  these  classes  of 
events.^^  (Sir  A.  Creighton  in  Annals  of  Philos.  Feb.  1825.) 
We  repeat,  that  it  is  a  great  error  to  attribute  the  remains  and 
bodies  of  plants  and  animals,  found  usually  in  a  mineralized  con- 
dition in  the  mountains,  and  rock  masses,  often  occupying  exten- 
sive districts  and  sometimes  whole  countries,  and  unfathomable 
depths,  to  the  punitive  deluge.  In  past  times,  this  error  was  quite 
universal,  and  it  is  not  surprising  that  it  was  so,  when  we  recol- 
lect that  geology,  as  a  regular  and  rational  study,  does  not  claim 
a  date  beyond  the  middle  of  the  last  century,  and  its  more  accu- 
rate researches  and  reasoning  may  be  considered  as  almost  ex- 
clusively the  offspring  of  the  present  century. 

One  of  the  most  important  results  obtained  by  modern  geolo- 
gy is,  that  it  has  clearly  distinguished  between  the  circumstances, 
object  and  effects  of  the  primitive  abyss  and  of  the  diNivial  ocean ; 
and  no  two  allied  subjects  in  geology  are  capable  of  clearer  and 
more  satisfactory  discrimination.  It  is  true  that  the  youth  of  ge- 
ological science  should  make  us  cautious,  but  on  this  point  our 
march  cannot  be  backward ;  research  can  never  weaken  the 


ther  at  the  time  of,  or  subsequent  to  their  formation.  The  general  statement  above 
is  not  meant  to  exclude  local,  occasional,  or  even  general  catastrophes,  which  are 
not  inconsistent  with  long  intermediate  periods  of  prevailing  quiet 
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proofs  already  obtained,  but  will  undoubtedly  add  conaiantly  to 
their  number  and  value. 

TERTIARY,  DILUVIAL  AND  ALLUVIAL. 

XXIII.  The  loose  superficial  masses  of  day^  sand,  -grax^d, 
loam,  pebbles  and  some  of  the  superficial  rocks  appear  to  hwoe 
been  the  last  in  the  series  of  regular  depositions  ;*  they  are  mm 
included  under  the  Tertiary  and  Diluvial  and  AUuviaU  properly 
so  called. 

The  tertiary  comprehends  the  most  recent  members  of  what 
was  until  within  a  few  years,  included  under  the  secondary,  tod 
also  the  oldest  members  of  the  former  alluvial. 

The  £2t7ttt;taZ  embraces  what  is  conceived  to  belong  to  the  del- 
uge,! and  the  alluvial  is  now  restricted  to  the  deposits,  chiefly 
mechanical,  arising  from  agencies  still  in  operation,  and  which 
have  been  always  active,  such  as  the  weather,  floods,  rain,  frost, 
l^lectricity,  &c.  &c. 

This  threefold  division  has  become  necessary  in.  consequence 
of  the  progress  of  discovery.  The  tertiary  division  sustains  very 
nearly  the  same  relation  to  the  secondary,  on  the  one  hand,  and 
the  diluvial  and  alluvial  on  the  other,  as  the  transition  does  to 
the  primitive  and  secondary.  In  either  case,  we  may  separate 
the  subjects  of  the  division  referred  to,  and  distribute  the  mem- 
bers between  the  two  contiguous  classes,  but  in  both  cases,  a  de- 
gree of  confusion  will  be  the  result. 

In  colloquial  language,  it  is  not  very  important  to  distinguirii 
between  diluvial  and  alluvial.  It  may  be  sufficient,  for  the  pur- 
poses of  conversation,  to  speak  of  loose  masses  generally  as  allu- 
vial ;  but  in  accurate  geological  discussions,  it  is  important  to  dis- 
tinguish between  the  effects  of  causes  now  in  operation  ami  of 
those  which  belong  to  catastrophes,  of  which  the  occurrence  of  the 


*  Always  excepting  of  course,  the  volcanic  and  ignigenous  formations,  which  ii« 
irregular  and  obey  no  settled  law  of  succession. 

t  Or  deluges,  for  there  may  have  been  repeated  physical  event;  of  this  kind,  more 
or  less  extensive,  although  there  has  been  only  ooe  general  vindictive  one  tad  only 
one  general  deluge  since  the  creation  of  man. 


TERTIARY,  DILUVIAL  AND  AIXUTIAL.  61 

,  last  is  evinced,  by  the  entire  appearance  of  the  surface  of  the 
earth,  by  the  record  of  sacred  history  and  the  traditions,  mythol- 
ogy, fables  and  poems  of  most  heathen  nations,  ancient  and  mod- 
ern,  savage  and  civilized.* 

It  has  been  usual  to  speak  of  the  great  sandy,  gravelly  and 
clayey  district  of  the  southern  American  states,  extending  from 
the  ocean  to  the  high  country,  as  alluvial ;  but  in  fret,  a  large 
part  of  it  is  tertiary  and  diluvial,  and  only  a  small  part  is  strictly 
alluvial. 

It  is  true,  that  in  a  scientific  view,  the  production  or  prepara- 
tion and  transportation  of  the  materials  of  the  alluvial  and  dilu- 
vial, is  due  to  the  same  general  class  of  causes,  but  the  scale  of 
operations  is  widely  different,  and  the  diluvial  are  attributable  to 
catastrophes,  sudden,  short,  violent  and  occasional — the  alluvial 
to  causes  comparatively  or  generally  feeble,  although  sometimes 
violent,  and  always  in  operation. 

XXIV.  In  these  looser  superficial  deposits^  we  find  most  of  the 
remains  of  the  larger  and  more  perfect  animals^  and  it  is  rare 
that  trees]  and  their  larger  members  are  found  in  deposits  of  a 
more  ancient  date.  This  epoch  embraces  the  period  of  the  very 
termination  of  the  redemption  of  the  earth  from  the  first  watery 
abyss. 

It  appears  necessary  here  to  remark  that  the  last  operations  of 
the  primitive  ocean  were,  in  all  probability,  similar  to  those  of  our 
present  oceans.  Indeed,  had  not  the  deluge  supervened  and  in- 
troduced, along  with  these,  a  new  set  of  effects,  it  might  not  per- 
haps have  been  possible  to  distinguish  between  the  last  operations 
of  the  first  ocean  and  the  daily  effects  of  the  present;  or  rather,  the 
latter  would,  as  far  as  we  can  understand,  have  been  little  else 
than  a  continuation  of  the  former.     Indeed,  a  certain  part  of  the 

*  See  an  abftract  of  these  facti  in  the  Edingurgh  Encyclopedia,  article  Deluge. 

t  Trees  and  their  branches  and  roots  are  sometimes  found  in  the  coal  formations 
in  the  sand  stones,  in  the  lias  limestone,  &c.  which  proves  that  the  gigantic  veg- 
etables were  sometimes  embraced  in  the  depositions  that  were  formed  in  the  la- 
ter periods  of  the  subsidence  of  the  primitive  ocean,  m  well  m  at  epochf  alill  more 
rsoent,  fome  of  which  owae  down  to  our  own  time. 
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effects  of  the  primitive  ocean  is  liable  to  be  confounded  beUi 
with  those  of  the  present  and  of  the  diluvial  ocean. 

The  discrimination  is  however  not  important,  and  these  re- 
marks are  introduced  merely  to  qualify  the  statements  already 
made,  respecting  the  general  dissimilarity  between  the  phenom- 
ena of  these  different  periods. 

The  similar  effects  to  which  allusion  is  now  made,  are  the  gen- 
eral production  of  debris  and  wreck,  but  chiefly  of  rounded,  wa* 
ter  worn  stones  and  bowlders. 

There  can  be  no  doubt  that  these  are  now  produced,  or  their 
forms  modified  by  the  moving  waters  of  the  surface  of  our  planet. 

No  one  who,  on  the  sea  shore,  has  observed  the  incessant  lash- 
ing  of  the  waves,  and  has  listened  to  the  hollow  hum  of  the  stones 
and  pebbles  rubbing  against  each  other,  with  ceaseless  frictioo, 
can  doubt,  that  rounded,  water  worn  pebbles  are  now  every  mo- 
ment forming ;  and  were  they  found  no  where  else,  except  on  the 
shores,  and  in  moving  waters,  there  would  be  no  difficulty  in  as- 
signing their  origin  generally  to  this  cause.  But  rounded  stones, 
water  worn  pebbles  and  bowlders  arc  found,  in  every  country,  on 
the  surface,  and  in  the  soil,  and  in  regions  the  most  remote  from 
the  ocean.  This  of  course  proves  the  universal  prevalence  of 
the  waters. 

Why  not  attribute  the  formation  of  the  inland  water  worn 
stones  to  the  diluvial  ocean  ?  The  answer  which  must  be  re- 
turned is,  that  the  time  is  too  short  for  the  process  of  grinding 
down,  which  would  occupy  a  very  long  period.  The  deluge 
could,  and  evidently  did  transport  and  deposit  immense  masses  of 
these  ruins,  where  we  now  find  them ;  but  it  was  not  possible  that 
it  could,  in  so  limited  a  period,  have  effected  much,  in  grinding 
down  the  angular  fragments  of  quartz  and  of  other  hard  stones,  in- 
to ovoidal  and  globular  pebbles,  and  bowlders.  That  effect  ap- 
pears to  have  been,  principally,  the  work  of  the  primitive  ocean, 
which  was  not  limited  to  a  short  time. 

XXV.  Bonesy  single  or  connected^  and  even  entire  skeletons 
of  the  larger  animals^  {as  the  mammoth  or  mastodon^  and  other 
varieties  of  elephants^  the  rhinoceros^  the  hippopotamus^  the  tapir ^ 
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elki^*  deer^  bears^  horses^  axen^  whtdes^  4^.)  are  found  dhwidanU 
ly  in  many  countries,  buried  in  the  upper  and  looser  strata* 

Trees  and  their  members,  and  even  entire  forests  are  found  in 
similar  situations. 

In  general,  the  bones  and  trees  are  not  mineralized,  but  are 
rather,  for  the  most  part,  in  the  condition  of  grave  bones  or  an* 
cient  wood. 

The  bones  could  not  be  found  in  the  older  strata,  if  the 
animals  were  not  in  existence  when  those  strata  were  depos- 
ited. Much  less  could  we  expect  to  find  human  bones  in 
these  strata,  for  man,  evidently,  was  not  created  till  the  earth 
was  reduced  to  complete  order,  and  many  generations  of  ani- 
mals and  plants,  had  lived  and  died ;  depositing  their  remains 
m  the  rocks,  whose  formation  was  contemporaneous  with  the 
existence  of  the  animals  or  plants,  or  immediately  subsequent  to 
k,  or  whose  materials  were  accumulated,  by  catastrophes  that 
also  overwhelmed  the  organized  beings. 

Few  or  no  gigantic  animals,  of  any  description,  are  found  in  the 
solid  strata,  below  the  liast  limestone.  In  that  rock,  and  also  in 
ether  strata,  above  and  perhaps  below,  there  have  been  found, 
withinlt  few  years,  in  England  and  elsewhere,  gigantic  oviparous 
animals  of  the  saurian  or  lizard  family:  their  remains  indicate  ani- 
mals of  twenty,  forty,  fifty,  and  seventy  feet  or  more  in  length.]! 
They  were  amphibious,  and  there  is  every  reason  to  believe,  that 
when  only  the  mountains  and  higher  hills  of  England,  were  re- 
deemed fi'om  water,  and  stood  out  as  islands,  these  enormous 
animals,  closely  allied  to  the  crocodile  and  alligator,  that  is  to 
savi  being  of  the  same  genus,  but  of  diflerent  species,  swam  and' 
sported  about,  in  the  inter-insular  waters  of  primitive  Britain. 


*  The  cervus  megaceroe  (Irish  elkj  is  probably  extinct,  and  perhaps  some  oUi- 
er  Gotemporary  species. 

t  A  local  name,  used  in  Eng^land.    The  hydraulic  lime  of  New  Vork,  is  a  lias. 

t  In  the  interesting  collection  of  G.  W.  Featherstonhaugh,  Esq.  in  New  Tork, 
there  is  a  fine  head  of  one  of  these  ancient  animals,  and  a  very  instmctiTe  series  of 
specimens,  tUustratiog  the  history  of  tfie  bones  (bund  in  the  cayenit,  and  ia  the  dilu- 
vial formations  of  England. 

9 
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Probablj  no  land  quadrupeds  are  found  in  any  formation  ear- 
lier than  the  tertiary.* 

This  is  easily  understood.  Until  thb  period,  there  was  not  dry 
land  enough  for  terrestrial  quadrupeds.  It  was  evidently  a  period 
more  advanced,  than  that  which  produced  the  ancient  croco- 
diles ;  more  land  was  uncovered,  but  a  multitude  of  natural  ba- 
sins were  still  full  of  water,  forming  lakes,  and  as  the  strata  which 
they  now  present,  were  in  the  course  of  being  deposited,  various 
quadrupeds,  fortuitously  conveyed  into  the  water,  or  perhaps 
drowned  by  accident  or  by  partial  inundations,  became  solidified, 
and  their  remains  are  now  found  in  the  basins  of  Paris  and  Lon- 
don, and  of  the  Isle  of  Wight  In  general,  their  bones  are  not 
mineralized,  or  but  partially  so,  and  rarely  are  thejr  perfectly 
changed.  They  are  also  much  less  frequent,  than  the  marine 
animal  remains  of  the  earlier  strata,  probably,  both  because  the 
animals  were  much  less  numerous,  and  because  the  circumstan- 
ces attending  their  existence  and  death,  were  far  less  favorable 
to  their  inhumation. 

It  is  worthy  of  remark  also,  that  in  the  very  strata  in  which 
they  are  contained,  the  relics  of  water-born  animals  are  very  nu- 
merous. It  is  believed,  by  Cuvier  and  Brongniart,  whoseidabo- 
rate  investigation  of  the  Paris  strata,  has  been  several  years  be- 
fore the  world,  that  there  were  successive  periods,  in  which  the 
waters  produced,  alternately  and  successively,  marine  and  fresh- 
water shells,  but  perhaps  our  acquaintance  with  these  ancient 
animals,  does  not  enable  us  to  decide  positively  on  this  point 

The  most  remarkable  of  the  solid  strata  of  the  tertiary,  are 
the  ccHcaire  grossier  of  the  French,  millstone,  sandstones  and 
gypsum  ;  and  among  the  materials  that  are  not  solidified,  numer- 
ous beds  of  clay,  marie  and  sand. 

The  tertiary  formations  having  been  distinguished  only  within 
a  few  years,  have,  as  yet,  been  only  partially  examined,  and  al- 
most exclusively,  in  France  and  England.     There  can  be  no 


See  a  remarkable  fact— American  Journal  of  Science,  Vol.  II.  p.  14& 


T£RTIART,  DILUVIAL  AND  ALLUVIAL.  65 

doubt,  as  already  observed,  that  much  of  the  great  alluvial,  as  it 
has  been  called,  of  the  United  States,  b  really  tertiary.*  The 
tertiary  passes  into  the  diluvial  and  alluvial,  by  almost  impercept- 
ible shades,  and  as  it  is  not  easy,  perhaps  it  is  not  important,  to 
draw  the  line  of  separation  with  perfect  accuracy. 

It  has  been  generally  admitted,  that  no  viviparous  quadrupeds, 
nor  any  vertebrated  animals,t  except  amphibious  ones,  are  found 
lower  down  than  the  chalk.  Professor  Buckland,  has,  however, 
discovered  in  the  Stonesfield  slate,  near  Oxford,  the  bones  of 
birdsl  and  of  a  species  of  opossum.  Few  large  terrestrial  quad- 
rupeds are  found  in  the  strata  beneath  the  diluvial  and  alluvial. 

Of  course  these  could  not  exist,  in  any.  great  numbers,  until 
the  land  was  chiefly  uncovered,  and  their  inhumation  is,  we  pre- 
sume, to  be  ascribed,  with  few  exceptions,  to  .the  deluge  of  Noah. 
'  XXVI.  Many  revolutions  more  or  lets  extensive^  the  result  of 
earthquakes^  volcanos^  tempests  and  even  deluges^  partial  orgene- 
ral^  and  perhaps  of  other  causes^  now  unknown^  may  have  preceded 
the  formation  of  num.  Of  these  revolutions,  there  is  abundant 
evidence  in  the  strata,  which  as  already  stated,  are  often  contor- 
ted, elevated,  depressed,  dislocated  and  blended,  and  the  same 
relics  are  asserted  to  be  found  in  the  strata  of  the  same  kind  re- 
peated at  difierent  depths,  and  separated  by  other  intervening 
beds  of  rocks,  containing  also  in  many  instances,  their  own  pecu- 
liar remains.  These  facts  if  established  by  sufficient  evidence, 
prove  the  existence  of  successive  generations  of  these  beings  and 
their  submersion  and  inhumation  by  the  alternate  and  successive 
prevalence  of  the  waters. 

There  is  every  reason  to  believe  that  the  creation  of  animals- 
and  plants  was  successive ;  not  by  equivocal  generation — ^not  by 
atomic  action,  but  by  the  fiat  of  the  Almighty. 


*  See  two  excellent  papers  on  this  subject,  by  Prof.  Vanuxem  and  Dr.  Morton,  in 
^e  Journal  of  the  Academy  of  Natural  Sciences  of  Philadelphia,  Vol.  VI. 

t  For  a  notice  of  a  vertebrated  animal  five  feet  long,  found  in  old  rod  sandstoney 
see  American  Journal,  Vol.  II.  p.  146  and  Vol.  III.  p.  247.  ^ 

^  t  Birds  are  supposed  to  have  been  finind  in  the  English  lias. 
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The  waters,  al  difierent  periods*  tppewr  to  have  been  adt^led 
to  the  support  of  differeot  races,  aod  therefore,  their  reiBaiai 
were  successively  sdklified.  When  this  happeaed,  it  is  not  ne- 
cessary to  suppose  that  the  aoimals  of  a  particular  race  were  sH 
extinguished ;  a  multitude  of  them  were  eoUMnbod,  as  is  proved 
by  their  remains;  but  individuals  probably  survived,  in  sufficient 
numbers  to  contintte  the  respective  species;  in  the  mean  time, 
other  aninuds  were  created,  and  new  races  were  petrified  in  the 
forming  rocks:  again  perhaps  the  diminished  race  prevailed  anew, 
and  becoming  again  the  tenants  of  the  waters,  presented  thmr 
relics  to  be  solidified  in  a  new  deposition,  and  so  on  insoccesnon. 

As  to  plants,  it  has  been  already  remarked  that  their  relics  (the 
coal  formations  excepted,)  are  far  less  numerous  than  those  of 
animals.  It  is  in  no  way  surprising  that  their  creation  should 
have  been  successive,  and  associated  with  clifiieienit  roek  form* 
ations,  and  if  the  same  plants  occur  in  successive  repetitions 
of  the  same  or  of  different  formations,  their  seeds  or  roots 
might  have  been  preserved  in  the  waters  or  tranqf>orted  from 
other  places. 

It  is  in  no  way  inconsistent  with  natural  laws,  that  the  particn- 
lar  state  of  things  which  attended  a  particular  rocky  deposition, 
should  have  been  such  also,  when  the  same  kind  of  rock  came  to 
be  deposited  again,  as  to  favor  the  production  of  the  same  ani- 
mal or  vegetable  races  from  the  germs,  seeds,  roots  or  individnab 
that  had  been  preserved.  The  temperature  of  the  great  waters 
under  the  same  circumstances,  is  liable  to  little  variation,  which 
would  greatly  favor  a  similarity  or  identity  of  productions. 

In  the  same  latitudes  there  is  now,  on  the  earth,  a  great  r^uhr- 
ity  in  the  vegetable  species,  and,  in  a  less  rigorous  degree,  in  the 
animal  races. 

But  the  geologist  is  not  obliged  to  remove  or  to  solve  every 
difficulty,  however  gratifying  it  may  be  to  effect  this  object  His 
first  duty  is  to  ascertain  correctly,  and  to  describe  faithfully,  the 
great  facts,  and  if  they  are  inexplicable  it  is  not  his  fault  Every 
thing  in  nature  will  not  have  been  explained  till  time  is  no  more. 
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In  the  present  case  however,  we  are  quite  sure  that  these  interes- 
ting relics  are  not  referrible  to  the  deluge;  that  short,  transient  and 
violent  catastrophe ;  and  it  is  wholly  incredible  and  inadmissible^ 
that  the  plants  and  animals  were  made  in  the  rocks.  They  are 
not  a  lusns  naturs,  and  no  solution  presents  itself  to  the  writer, 
but  the  one  that  has  been  given. 

XXVII.  In  most  of  the  earlier  itrata  thai  fiave  been  deicribed^ 
the  animal  remains  are  mineralized  or  petrified^  that  is  they  are 
changed  into  rock  or  stone  or  other  mineral  matter,  or  at  least 
enclosed  in  it ;  they  form  part  of  the  solid  strata ;  they  are  found 
at  great  depths,  with  vast  piles  of  strata,  and  mountains,  often 
of  different  kinds  of  rocks,  lying  over  them ;  they  extend  in  ma- 
ny instances,  hundreds  of  miles  in  continuity ;  their  number 
exceeds  all  estimation ;  and  for  all  these  reasons  it  is  obvious, 
that  their  deposition  and  that  of  the  rocks  in  which  they  are 
found  must  have  occupied  a  great  length  of  time. 

The  creation  of  the  planet  was  no  doubt  instantaneous,  as  re- 
gards the  materials,  but  the  arrangement,  at  least  of  the  crust,  ap- 
pears to  have  been  gradual.  As  a  subject  either  of  moral  or 
physical  contemplation,  we  can  say  nothing  better,  than  that  it 
was  the  good  pleasure  of  God  that  this  world  should  be  called 
into  existence ;  but,  *it  seems  also  to  have  been  his  pleasure,  that 
the  arrangement,  by  which  it  was  to  become  a  fit  habitation  for 
man,  was  to  be  progressive.* 

This  is  in  strict  analogy  with  the  common  course  of  things  in 
the  physical,  moral  and  intellectual  world.  The  human  mind, 
the  Inklily  powers,  the  inception  and  growth  of  the  animal  and 
vegetable  races,  the  seasons,  seed  time  and  harvest,  science  and 
arts,  wealth,  civilization,  national  power  and  character,  and  a 
thousand  things  more,  evince,  that  progression  is  stamped  upon 
almost  every  thing,  and  that  most  things  reach  perfection,  not 
by  a  single  leap,  but  rather  by  a  slow,  although  sure  course. 


*  It  is  t  moit  remarkable  fact,  that  every  g^reat  feature  In  the  structure  of  the 
planet,  oorrespondf  with  the  order  of  the  e9ent$  narrated  in  sacred  history. 
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The  gradual  preparation  of  this  planet  for  iti  okimate  destina- 
tion presents  therefore  no  anomaly,  and  need  not  excite  out  sur- 
prise. V 

THE  DELUGE  AND  DILUVIAL  ACTION. 

XXVIII.  There  is  decisive  evidence  that  notfwriker  hadi  than 
a  few  thousand  years ^  an  universal  deluge^  swept  the  iwrface  of 
this  globe^  and  produced  certain  alterations  in  its  physiognomy. 

SUOOESTIOVS    AS    TO    A    POSSIBLE    PRTSICAt    CAITSC. 

As  the  immediate  cause  of  the  deluge  was  the  will  of  the  deity, 
it  is  not  necessary  to  prove  that  he  who  created  the  planet,  and 
povered  it  with  the  primitive  abyss,  could  again  brii^  over  it  a 
world  of  waters. 

In  a  moral  view  then,  it  is  sufficient  to  say  that  it  was  the  oidi* 
nance  of  heaven. 

But  as  God,  although  able  to  effect  the  object  by  the  fiat  of  his 
command  alone,  usually  works  by  means,  it  is  very  proper  to  en- 
quire if  there  are  any  natural  powers  which  might  be  employed 
to  deluge  the  earth. 

The  rain  of  heaven  is  mentioned  as  having  descended  for  forty 
days  and  forty  nights,  and  the  fountains  of  the  great  de^  are 
stated  to  have  been  broken  up.  It  seems  necessary  therefore  to 
infer,  not  only  that  a  deluge  descended  from  the  atmosphere,  hot 
that  it  burst  forth  with  violence,  from  the  bowels  of  tbe  earth. 
In  a  physical  view,  such  an  event  would  seem  to  be  indispensaUe, 
as  the  atmospherei  could  discharge  only  the  waters  that  had  as- 
cended into  it,  by  evaporation,  unless  we  imagine  that  water  was 
created  for  the  purpose  in  the  atmosphere,  or  brought  into  it  from 
other  regions,  either  of  which  would  be  miraculous. 


*  The  deluge  of  Noah-n  already  stated,  was  however,  totally  distinct  in  its  efifeds, 
from  those  which  we  have  attributed  to  the  primeval  waters  of  the  great  abyss,  ex- 
cept, that  there  may  have  been  some  similarity  near  the  tennination  of  the  primitive 
deluge,  when  its  waters  would  most  abound  with  mechanical  efiects  and  depodts. 
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Although  the  scriptures  are  not  to  be  regarded  as  a  text  book 
ID  physics,  their  allusion  to  the  rupture  of  the  fountains  of  the 
great  deep  seems  not  to  be  made  without  meaning. 

When  referring  to  the  retiring  of  the  first  or  primitive  ocean,  a 
suggestion  was  made  as  to  the  possibility  of  the  existience  of  cav- 
erns in  the  bowels  of  the  earth.    It  is  true  the  fiu:t  cannot  be 
proved,  but  in  a  sphere  of  eight  thousand  miles  in  diameter,  it 
would  appear  in  no  way  extraordinary,  that  many  cavities  may 
exist,  which  collectively,  or  even  singly,  may  well  contain  much 
more  than  all  our  oceans,  seas,  and  other  superficial  waters,  none 
of  which  are  probably  more  than  a  few  miles  in  depth.    If  these 
cavities  communicate  in  any  manner  with  the  ocean,  and  are  (as 
if  they  exist  at  all,  they  probably  are,)  filled  with  water,  there  ex- 
ist, we  conceive,  agents  sufilciently  powerfiil  to  expel  the  water  of 
these  cavities,  and  thus  to  deluge,  at  any  time  the  dry  land. 
These  agents  are  the  aerial  fluids^  the  vapors  and  the  gases — 
whose  competency  to  any  and  every  degree  of  energy,  which  a 
given  mechanical  movement  may  require,  is  abundantly  exhibited, 
in  the  rending  force  of  gun-powder,  and  of  the  other  still  more 
potent  explosive  chemical  compositions,  and  in  the  phenomena 
of  earthquakes  and  volcanos,  whose  mechanical  effects,  depend 
principally,  upon  the  sudden  and  abundant  evolution  and  great 
expansion,  by  heat,  of  aerial  bodies.    These  bodies,  suddenly 
evolved,  (especially  steaip  at  a  high  temperature,)  and  subjected 
to  pressure  and  resistance,  are  sufficient,  not  merely  to  propel 
cannon  balls  and  bombs,  to  burst  rocks  and  to  explode  mines — 
they  can  rend  mountaihs — ^they  can  shake  them  from  their  bases 
— and  cause  continents  and  the  globe  itself  to  vibrate  and  tremble. 
If  then,  there  were  occasion  to  elevate  a  column  of  water  even 
six  miles  in  height,  above  the  present  ocean  level,  so  that  it  should 
transcend  the  highest  mountains;  aerial  fluids,  aided  by  internal 
heat,  would  be  equal  to  the  effort.    Should  they  be  disengaged, 
abundantly,  in  the  vast  subterraneous  and  H||baqueous  cavities, 
they  would,  of  course,  occupy  the  roof  or  vaults,  and  would 
therefore  expel  the  water,  which  we  suppose  they  may  con- 
tain, and  this  water  rising,  and  spreading  itself  over  the  dry  land, 
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might  submerge  the  continents,  more  or  less  completely.  In  short, 
if  heat  were  concerned,  it  woold  be  merely  a  case  of  steam  or  conn 
pressed  air^  acting  to  raise  a  column  of  water,  as  in  a  fire-engine. 
If  it  be  objected,  that  the  pressure  would  split  the  incumbent  earth, 
we  answer  that  it  would  do  so  (did  not  its  counteracting  pressure, 
arising  from  a  specific  gravity  at  least  two  or  three  times  greater 
than  of  water,*  resist,  with  even  superfluous  energy,  and  the 
overflowing  water  would  add  to  the  pressure. 

It  will  be  found  that  to  cover  the  highest  mountains,  existing  at 
this  time  upon  the  earth,  no  more  water  would  be  required  than 
is  sufiicient  to  occupy  a  cavity  whose  cubical  contents  are  equal 
to  about  jIj  part  of  those  of  the  globe.  If  the  cavity  were  in 
the  centre  and  were  all  in  one,  its  diameter  would  be  nearly  one 
thousand  two  hundred  and  seventy-seven  miles,  extending  six  hun- 
dred and  thirty-eight  and  a  half  miles  each  side  of  the  centre^ 
and  of  course  leaving  over  three  thousand  three  hundred  miles 
for  the  thickness  of  the  containing  shell.t 

If  the  void  space  were  distributed  in  various  parts  of  the  globe, 
of  course  the  thickness  of  the  walk  must  depend  upon  the  prox- 
imity to  the  surface ;  but,  a  few  leagues  or  perhaps  miles  of  thick- 
ness would  be  suflicieht  to  give  the  strength,  requisite,  to  resist 
the  pressure. 

A  force  five  times  as  great  as  that  used  with  safety  by  Mr.  Per- 
kins, in  his  celebrated  experiments  with  his  generator,  would  raise 
a  column  of  water,  and  of  course  an  ocean,  higher  than  the  top 
of  the  Himmaleh  mountains.| 

If  volcanic  or  internal  heat  in  the  earth  should  create  steam,  suf- 
ficiently abundant  and  elastic,  to  sustain  this  enormous  pressure, 
would  it  not  throw  the  whole  ocean  into  ebullition  ?  It  would  cause 
the  parts  contiguous  to  the  fire  to  become  red  hot,  and  to  assume 
the  elastic  form,  or  there  would  be  no  power  generated,  but  wa- 


*  PoMlbly  OTen  madi  greater,  according  to  the  deductioiis  6f  Maskelyne  and  Hot- 
ton  on  the  specific  gravity  of  the  earth, 
t  Private  communication  to  the  author. 
%  Meaauring  fifXMn  the  torfikee  of  the  pretent  ocean. 
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ter  is  so  bad  a  conductor  of  heat  that  the  ocean  surrounding  the 
globe,  and  at  a  distance  from  the  internal  heated  cavities,  might 
remain  cold.  A  similar  course  of  reasoning,  will  apply  to  the  ex- 
trication of  gas. 

How  would  such  an  ocean  elevated  by  aerial  agency,  ever  de- 
scend ?  By  condensation  of  the  steam  and  absorption  of  the  gas, 
on  the  cessation  of  the  heat 

Would  not  gas,  and  much  more  vapor,  under  a  pressure  of 
perhaps  many  miles  of  water  be  of  course  condensed  by  the 
force,*  or  be  prevented  from  ever  becoming  aeriform  7  It  would 
if  cold,  but  igneous  agency  has  no  known  limits  and  would,  in  a 
given  degree  of  intensity,  counteract  and  overcome  the  conden- 
sing effects  of  pressure. 

Would  not  gas  or  vapor,  as  the  earth  revolved,  escape,  by 
blowing  out  of  the  orifice,  connecting  the  cavity  with  the  surface  7 
It  would  do  so,  if  the  channel  had  a  particular  direction  in  rela- 
tion to  the  axis  of  the  earth,  but  if  parallel,  and  still  more  if  torr 
tuous,  (which  corresponds  with  what  we  know  of  the  inlets  to 
caverns,)  the  contained  aerial  matter  or  most  of  it  would  remain 
imprisoned.  It  is  not  pretended  that  the  method  here  sketched 
was  the  one  actually  employed ;  it  is  sufficient  for  the  present 
purpose  to  shew  that  it  is  physically  possible. 

Have  we  any  case  of  analogous  facts,  which  may  redeem  our 
supposition  from  the  appearance  of  hypothesis,  invented  for  the 
occasion?  We  have  such  a  case  :  it  is  that  of  volcanic  eruption. 
According  to  Humboldt,  lava  sometimes  issues,  at  an  elevation  of 
eighteen  thousand  feet.t  As  we  are  wishing  to  apply  a  measure 
to  the  supposed  power,  we  will  take  this  extreme  case,  for  the 
very  reason,  that  it  shews  the  extent  of  the  power,  (not  its  extent 
in  possibility,  but  as  far  as  it  has  been  hitherto  ascertained.) 
f  *  '  •  •  > 

*  As  Mr.  Faradty  has  thown  that  many  of  the  gases  are  actually  condensed  by 
the  conjoined  effects  of  pressure  and  cold. 

t  The  volcanic  mountains  in  Hawaii,  (Owhyhee.)  Mouna  Roa  and  Mouna  Kea, 
each  estimated  to  be  over  eighteen  thousand  feet  high,  evince  that  this  statement  is 
not  exaggerated. — .^m,  Jcvf.  Vol,  II.  pa,  2.    Cotopexi  is  another  example. 
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Melted  lava,  especially  under  the  preiaare  of  ao  many  ikmr 
sand  feet  of  its  own  fluid  substance,  may  be  estimated  to 
have  the  specific  gravity  of  at  least  S.  water  being  1.  Conse- 
quently, a  power  which  could  raise  lava  eighteen  thousand  feet, 
would  raise  water  fifty-four  thousand ;  this  would  cover  the  Him- 
maleh  mountains,  and  leave  twen^-eight  thousand  feet,  (aboat 
five  miles  and  a  third,)  for  the  depth,  from  the  surface  of  the  earth, 
of  the  cavity  where  the  power  might  be  eierted. 

But  thb  is  not  all.  It  is  incredible  that  such  vcdcanic  moun* 
tains  as  Mouna  Kea  and  Mouna  Roa  in  Owhyee,  eighteen  thoo* 
sand  feet  or  more  high ;  Tenerifie  twelve  thousand  five  hundred ; 
Cotopaxi  twenty  thousand,  three  hundred  and  -twenty  feel*  all 
raised  by  volcanic  eruptions,  could  have  the  laboratory,  firom 
which  the  power  and  the  lava  issue,  at  a  smaller  depth  under  the 
surface,  than  that  by  which  these  mountain  rise  above  it.  With 
any  thickness  of  roof  less  than  this,  the  whole  covmng  must  be 
blown  to  atoms,  by  the  tremendous  efibrt  which  raises  the  lava. 

Take  here  again  the  extreme  case,  Cotopaxi  twenty  thousand, 
three  hundred  and  twenty  feet  high :  lava  of  sp.  gr.  3«  raised  to 
this  height,  would  imply  a  power,  that  would  raise  water  sixty 
thousand,  nine  hundred  and  sixty  feet,  measuring  only  from  the 
level  of  the  sea ;  but,  if  the  cavern,  from  which  the  lava  issues, 
is  as  deep  in  the  earth  as  the  mountain  is  high  above  it»  the  pow- 
er exerted  would  raise  water  one  hundred  and  twenty-one  thou- 
sand, nine  hundred  and  twenty  feet,  or  between  twenty-one  and 
twenty-two  miles.  It  will  be  observed,  that  the  power  which  as 
we  know,  actually  raises  the  lava,  is  the  same,  that  we  supposet 
may  be  employed  to  raise  the  water,  and  this  power  is  actually 
exerted  in  caverns  deep  seated  in  the  earth,  for  it  is  incredible 
that  a  mountain  that  has  itself  been  raised  by  volcanic  eruptioas, 
and  whose  entire  substance  is  congealed  lava,  should  contain  the 
cavities  from  which  floods  of  lava  are  still  made  to  flow,  age  after 
age,  for  the  mountain  would  explode  with  its  own  throes  and  con- 
vulsions, as  that  of  Sumbawa  in  the  island  of  Timor,  did,  not 
many  years  since.  We  have  proved  therefore,  that  there  are 
caverns  in  the  earth,  where  igneous  agency  is  exerted,  and  suf- 
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ficient  power  is  generated,  to  raise  all  the  water  that  would  be 
required  to  deluge  the  mountains. 

Still,  we  do  not  affirm  that  this  was  actually  the  modus  operm- 
di;  but  merely,  that  the  hypothesis  is  consistent  with  physical 
laws,  because  the  very  case  which  we  have  supposed,  is  a  frequent 
occurrence,  only  the  fluid  raised  is  molten  rock,  instead  of  water* 

We  forbear  to  push  our  supposition  to  the  extreme,  by  shewing 
that  it  is  probable,  that  volcanic  cavities  are  often  much  deeper 
than  we  have  stated — otherwise,  the  volcanic  mountains  might  be 
in  danger  of  falling  in,  as  the  ancient  dome  of  Kirauea  probably 
has  done ;  and  it  is  very  difficult  otherwise  to  conceive,  how  vol- 
canos  communicate  with  each  other  under  ground,  and  how  the 
earthquakes  which  they  generate,  are  transmitted  even  to  other 
continents. 

We  forbear  from>8tating  other  hypotheses  which  have  been  or 
might  be  suggested ;  such  as  that  of  the  approximation  of  a 
comet,  or  of  other  foreign  planetary  influent  e. 

XXIX.  The  deluge  of  Noah  was  an  exterminating  and  puni- 
tive infliction  ;  sudden  in  its  occurrence^  short  in  its  duration^  and 
violent  in  its  effects. 

The  immense,  and  universally  difiused  masses  of  sand,  clay, 
loam,  gravel,  pebbles,  bowlder  stones,  inhumed  wood  and  forests, 
bones  and  skeletons  of  gigantic,  as  well  as  of  smaller  animals,  and' 
the  vast  cemeteries  of  animal  remains  discovered  in  caverns,  owe 
their  preservation,  and  generally,  (except  the  last,  viz.  the  bones 
in  caverns,)  their  present  position,  to  the  overwhelming  destruc- 
tion of  this  mighty  debacle.  Professor  Buckland,  in  his  ReliquisB 
DiluviansB,  has  most  ably  illustrated  this  subject ;  and  it  is  ob- 
vious, that  the  former  (Sractice,  of  attributing  the  organized  re- 
mains found  in  the  solid  strata,  to  this  catastrophe,  is  founded  en- 
tirely in  an  imperfect  acquaintance  with  the  subject,  and  that  no 
mun,  at  the  present  period,  who  had  studied  geology  thoroughly, 
would  fall  into  such  an  error. 

That  the  diluvial  ocean  was  equal  to  all  the  violent  efiects  now 
attributed  to  it,  can,  we  think,  be  proved,  by  a  little  attention  to 
the  circumstances  of  the  phenomenon. 

10 
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In  stating  these,  I  shall  take  it  for  granted,  that  the  Mos^c  ac^ 
count  of  the  event,  is  true.  I  would  remind  the  mere  geologist, 
that  the  evidence  of  probable  history,  is  always  admitted  in  the 
statement  and  discussion  of  geological  facts.  In  the  present  in- 
stance, the  history,  without  taking  into  view  its  divine  origin,  bears 
every  mark  of  verisimilitude.  It  is  simple  and  perspicuous,  and  it  is 
also  probable ;  because  it  corresponds  with  the  appearances  upon 
the  surface  of  the  earth.  We  need  not  the  history,  in  order  to 
prove  the  occurrence  of  an  universal  deluge.  This  is  sufficiently 
proved,  by  the  vestiges  left  upon  the  globe,  and  geologists  are 
generally  agreed  in  admitting  the  fact. 

The  only  point,  for  the  establishment  of  which  we  need  to  ad- 
vert to  the  history,  is  the  time  which  the  catastrophe  occupied, 
and  particularly,  the  great  divisions  of  this  time,  by  the  ascent, 
the  continuance,  and  the  decline  of  the  waters. 

Another  preliminary  to  the  statements  which  are  to  follow,  is, 
that  the  mountain  ranges  were  the  same  at  the  time  of  the  del- 
uge as  now,  except  that  they  are  not  so  elevated.  That  an  uni- 
versal deluge  has  occurred,  since  the  earth  was  peopled  by  hu- 
man beings,  is  stated  in  a  credible*  history,  namely,  the  Mosaic; 
the  traditions,  histor}',  mythology  and  poetry  of  all  nations, 
contain  allusions  to  the  same  event ;  and  it  being  distinctly  stated 
in  the  Scriptures,  and  implied  in  most  of  the  other  sources  of  in- 
formation just  alluded  to,  that  its  object  was  punitive,  it  of 
course  follows,  that  it  happened  since  the  completion  of  the  se- 
ries of  geological  events,  which  fitted  the  earth  for  the  reception 
of  man.  The  mountains,  being  a  part  of  the  "  great  frame  work" 
of  the  globe,  may  reasonably  be  supposed  to  have  existed  before 
the  deluge ;  since,  whatever  may  have  been  the  proximate  phys- 
ical causes  of  that  event,  there  is  no  reason  to  believe,  that  on  that 
occasion,  continents  sunk,  or  were  born  from  the  womb  of  the 
deep;  but  on  the  contrary,  there  is  positive  geological  evidence, 
that  the  mountain's  ranges  are  the  same  as  before  the  deluge. 


*  We  speak  of  it  as  credible,  because  it  corresponds  with  physical  egppeanuuet i 
this  being  the  point,  essential  to  the  geological  argument. 
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Every  thiog  in  the  lucid  and  graphic  history  of  the  bible,  leads 
to  the  conclusion,  that  the  waters  rose  till  the  land  was  submer- 
ged, and  not  that  the  continents  subsided  into  the  bosom  of  the 
earth.  If  they  did  subside,  it  must  have  been  all  hollow  be- 
neath them  before ;  but  granting  that  they  sunk  into  cavities, 
what  power  raised  the  new  continents,*  or  before  sustained  the  old  7 

RISE  OF  THE  WATERS. 

Taking  it  for  granted^  that  the  antediluvian  mountains  were 
the  same  as  the  present^  but  somewhat  higher^  and  that  agreeably 

*  Mr.  Penn,  in  his  Comparatire  Estimate  of  the  Mineral  and  Mosaic  Geologies, 
(second  edition,)  has  stated  it  as  bis  opinion,  that  the  waters  of  th<$  primitive  abyss 
retired  into  superficial  cavities  scooped  out  for  them,  by  the  breaking  up  and  sink- 
ing of  the  crust  of  the  earth,  or  of  as  much  of  it  as  was  necessary  for  that  purpose  ; 
thus  forming  the  bed  of  the  ocean  and  seas,  but,  as  he  supposes  the  primitive  ocean 
to  have  been  withdrawn  in  the  course  of  a  few  days,  and  maintains  that  there  was  no 
such  thing  9a  formation  or  progress  in  the  deposition  of  the  primitive  rocks,  but  that 
all  their  crystals  and  other  constituent  parts  were  created  at  once,  as  we  now  see 
them,  no  reason  appears  why  the  planet  was  submersed  at  all,  and  certainly  none 
why  the  great  waters  were  so  rapidly  withdrawn.  Mr.  Penn,  although  strenuously 
opposed  to  the  admission  of  any  more  time  before  the  creation  of  man  than  what  is 
commonly  allowed,  is  still  so  much  impressed  with  the  utter  impossibility  of  attributing 
the  mineralized  organic  remains  and  the  fragmentary  rocks  of  the  globe  to  the  tran- 
sient catastrophe  of  the  deluge,  that  he  resorts  to  a  supposition  which  appears  quite 
original. 

Believing  the  organized  remains  to  have  been  produced  and  petrified  in  the  bosom 
of  the  oceans  and  seas,  as  they  existed  between  the  creation  of  man  and  the  deluge, 
occupjring  a  space  of  1656  years,  he  supposes  that  when  the  deluge  came,  the  then 
existing  continents  were  also  broken  up  and  plunged  into  the  bowels  of  the  globe, 
and  not  only  so,  but  that  cavities  were  formed  over  these  sunken  continents  so  deep 
that  the  seas  and  oceans  were  drained  off  from  their  former  beds,  running  by  subsi- 
dence into  these  new  cavities,  and  thus  disclosing  the  bottom  of  the  former  seas  and 
oceans,  which  form  the  continents  of  our  present  habitable  world. 

As  this  theory  supposes,  in  order  to  provide  for  the  withdrawing  of  the  two  oceans, 
namely,  the  primitive  and  the  diluvial,  that,  first  and  last,  the  entire  crust  of  the 
planet,  both  the  dry  land  and  the  submarine  must  have  been  broken  up  and  sunk, 
we  are  of  course  led  to  enquire,  whether  there  was  a  general  cavity  beneath  the  en- 
tire crust  of  the  planet,  (as  a  little  globe  is  sometimes,  in  our  artificial  apparatus, 
supported  within  the  encircling  rings  of  an  annillary  sphere,  or  like  a  nut  loose  in  ita 
shell,  or  as  the  loose  kernel  (noyau)  often  included  in  the  argillaceous  iron  ore,  call- 
ed oetite.) 
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to  the  Bcr^ture  history^  they  were  oS  catered;  we  have  the  ambs- 
tire  of  the  altitude  of  the  flood;  and  from  the  same  history,  we 
learn  also  the  time  in  which  it  rote. 

Supposing  that  the  highest  elevation  was  five  and  a  half  milei; 
as  it  was  forty  days  in  rising,  it  rose  nearly  at  the  followiog  rate, that 
18,  a  foot  in  two  minutes,  thirty  feet  in  an  hoar,  one  handred  and 
eighty-one  feet  in  the  time  of  a  common  flood  or  ebb  tide,  three  hun* 
dred  and  sixty-two  feet  in  the  entire  time  of  the  flux  and  reflux  of  a 
tide,  and  seven  hundred  and  twenty-six  feet  in  twenty  four  hoars. 
This  is  upon  the  supposition  that  the  waters  rose  npon  the  surface 


If  Ukere  were  tuch  a  cavity  wbat  filled  it  before  the  ttdiddteiifie .'  Whet 
ed  the  encircliim:  hellow  sphere  io  its  plact  ?  If  there  were  aoioch  cevitks  how 
could  the  continents  sink  ?  If  the  cavities  were  formed  at  Uie  tine  hy  esnmlsioos, 
what  became  of  the  displaced  materials  ? 

But,  it  b  not  necessary  to  pursue  diese  enquiries ;  for,  the  diteoveiies  oC  Prot 
Buckland«  ss  to  the  antediluvian  caves,  have  proved,  that  Uie  continents  thai  now 
exist  above  water,  are  the  same  diat  were  inhabited  before  Uie  flood.  The  caverns 
that  were  then  tenanted  by  hyenss,  bears,  and  other  wild  animals,  as  &eir  dens,  pre- 
•ent  innumerable  specimens  of  their  remains,  and  of  those  of  the  animals,  or  parts  of 
animals,  which  they  dragged  in  for  food,  or  which  sought  in  these  places  a  refoge 
from  the  common  danger ;  and  these  remains  are  covered  by  tiie  diluvial  sediment, 
which  was  floated  into  them,  when  the  waters  were  turbid  with  the  suspended 
mud,  and  thus  these  apparently  trifling  reUcs  have  been  preserved  to  the  present 
day,  as  memorials  of  that  ^reat  event. 

It  is  impc^ble  to  give,  on  this  occasion,  even  an  abstract  of  the  details  by  which 
these  indications  are  established.* 

A  diligent  attention  to  the  facts  of  the  same  class  that  have  been  discovered  snce 
the  publication  of  the  Reliquiae ;  a  very  careful  re-perusal  of  that  work  for  the  second 
and  third  time,  after  a  full  consideration  of  the  objections  of  flioee  two  very  acute 
vrriters,  Mr.  Penn,  an  able  critic,  and  of  Dr.  Fleming,  an  accomplished  naturalist, 
have  left  on  the  mind  of  the  writer  a  conviction,  in  no  degree  impaired,  that  Profes- 
sor Buckland's  opinions  respecting  the  identity  of  the  ante  and  post  diluvian  conti- 
nents are  sound  and  correct  We  have  been  delighted  with  Dr.  Fleming's  notices 
of  the  history  of  the  animal  races  in  Britain  and  elsewhere,  but  we  still  believe 
tliat  the  caverns  were  antediluvian,  and  of  course,  that  the  continents  were  not  sank 
on  that  occasion,  but  drowned  and  ravaged  in  situ. 

Any  thing  rather  than  conviction  was  produced  by  the  effort  of  Mr  Penn  to  ac> 
count  for  limestone  caves  and  their  diluvial  bones,  by  the  strange  imagination,  that 
tiic  supposed  calcareous  paste  of  the  deluge  had  been  blown  up  into  caverns  by  the 

*  For  an  able  analysis  of  fliis  work  by  Prof.  Hitchcock,  see  Am.  Jour.  Vol.  Vlll. 
pp.  150  and  817. 
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of  a  regular  sphere,  in  which  case,  they  would  rise  in  vast  ridgy 
waves,  presenting,  every  where,  much  the  same  appearance  and 
effects.  But  as  the  hills  and  mountains,  over  the  entire  surface  of 
the  land,  would  oppose  barriers  to  the  rise  of  the  water,  the  ra- 
pidity of  the  tides  would  be  much  increased,  and  in  many  situa* 
tions,  the  water  would  rise  with  redoubled  force,  and  every  where 
overflow  the  land  with  increased  rapidity. 

In  order  to  appreciate,  justly,  the  effect  of  such  a  tremendous 
rush  of  waters,  we  must  compare  it  not  only  with  common  tides, 
but  with  those  more  violent  ones  with  which  we  are  acquainted. 

^^  Between  Matacapa  and  the  North  Cape,  in  the  place  where 
the  great  canal  of  the  river  Amazon  is  most  confined  by  the  isl- 
ands, the  tide  presents  a  singular  phenomenon.    During  the  three 

gases  evolved  during  the  <*  »mm«iife**  putrefiictloii  of  the  drowned  and  transported 
elephants  and  other  animals,  involved  in  that  paste,  and  inflating  it  by  the  gases 
produced  during  their  decomposition,  and  that  thus  these  extraordinary  excavations 
were  formed. 

What  blew  up  the  stupendous  caverns  of  Kentucky*  and  other  western  and  south 
western  American  states,  extending  for  miles  into  the  earth,  and  containing  no  bones 
except  a  few  inhumed  skeletons  of  the  aboriginal  Indians  ?  Why  is  there  no  tf|/la- 
fiofi,  around  the  bodies  of  fishes  and  of  larger  animals  whose  remains  aro  found  in 
limestone  and  other  rocks? 

We  decline  however  to  follow  this  subject,  and  while  we  acknowledge  wifli 
much  satisfaction,  the  institiction  derived  from  the  study  of  both  Mr.  Penn*8  edi- 
tions of  his  learned,  elegant  and  very  interesting  work,  we  must  be  permitted  to  say, 
that  none  of  the  geological  theories  which  he  has  so  ably  combated,  appear  more 
extravagant  than  the  two  to  which  we  have  adverted,  and  no  writer  on  geology  who 
professes  to  be  a  believer  in  the  scriptures,  has  taken  that  liberty  with  the  history, 
which  Mr.  Penn  has  done,  who  does  not  hesitate  to  pronounce  the  four  verses  which 
mention  the  rivers  issuing  fronl  paradise,  to  be  marginal  interpolations,  because  they 
describe  the  then  existing  rivers  as  being  the  same  that  flowed  there  before  the  deluge. 

To  a  writer  of  such  high  moral  tone,  and  great  mental  power  and  acquirements 
as  Mr.  Penn,  we  would  not  speak  in  die  magisterial  manner,  which,  very  promi- 
nent in  his  first  edition,  but  softened  in  his  second,  would  leave  him  in  such  case, 
little  cause  to  complain. 

But  his  work,  searching  as  it  is,  has  served  the  cause  of  truth,  and  we  feel  obliged 
to  him  for  its  publication,  although  he  has,  in  our  opinion,  left  the  question  between 
the  critics  and  the  geologists  embarrassed  with  all  its  difficulties. 

*  The  mammoth  cave  of  Kentucky  has  been  explored  for  ten  miles,  without  find- 
ing an  end;  these  caves  are  in  Che  ancient  secondary  or  transitkm  Umestone. 
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days  nearest  the  full  and  new  moons,  (the  times  of  the  high  tidei,) 
the  sea,  instead  of  employing  nearly  six  hours  to  rise,  attains  its 
highest  elevation  in  the  space  of  one  or  two  minutes.  It  maj 
be  supposed,  that  this  is  not  effected  very  quietly :  a  terrific  noise 
is  heard,  at  the  distance  of  one  or  two  leagues,  which  announces 
the  pororoca,  (barre  or  bore ;)  such  is  the  name  which  the  In- 
dians of  the  district,  give  to  this  terrible  tide.  In  proportion  as 
it  advances,  the  noise  increases,  and  presently,  one  beholds  a 
promontory  of  water,  from  twelve  to  fifteen  feet  in  height ;  then 
a  second,  then  a  third  and  often  a  fourth ;  which  follow  close  up- 
on each  other,  and  which  occupy  the  whole  breadth  of  the  canaL 
This  surge  advances  with  a  prodigious  rapidity,  breaking  down 
and  shaving  clean  away,  every  thing  that  opposes  it  I  have,  in 
some  places  seen  an  extensive  tract  of  soil  carried  away  by  the 
pororoca,  trees  of  very  large  dimensions  uprooted,  and  devasta- 
tions of  every  description.  Wherever  it  passes,  the  coast  is  laid 
as  smooth  as  if  it  had  been  intentionally  and  carefully  swept/^* 

Mr.  Penn  mentions  also,  the  following  fact,  which  he  says,  was 
obtained  from  an  eye-witness. 

^  At  the  mouth  of  a  river  in  Nova  Scotia,  a  schooner  of  thirty 
two  tons,  laden  with  live  stock,  was  lying  with  her  side  to  the  tide; 
at  the  influx  of  the  Bore ;  which  was  then  about  ten  feet  in  per- 
pendicular height.  No  sooner  had  this  mass  of  water  reached 
the  vessel,  tlian  that  great  body  was  instantly  turned  over,  like  a 
barrel  and  presently  disappeared.  After  the  tide  had  ebbed  the 
schooner  was  so  totally  absorbed  into  the  sand,  that  the  taffel  or 
upper  rail  of  the  deck,  was  alone  visible.^^ 

This  account  corresponds  with  the  the  common  statements, 
respecting  the  tides  in  the  bay  of  Fundy,  which  are  said  to 
rise  sixty  feet,  to  come  roaring  in  like  a  mighty  rushing  flood, 
and  that  people  and  animals  upon  the  beach  sometimes,  with 
difficulty  escape  with  their  lives. 

Similar  facts  are  observed  in  the  river  Mersey,  at  Liverpool, 
and  in  the  Frome,  a  branch  of  the  Severn,  at  Bristol,  in  England, 


Condamine's  Voyage,  quoted  by  Penn,  Vol.  II.  p.  100. 
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where  the  tides  rise  between  twenty  and  thifty  feet,  rushing  in, 
through  the  channels,  in  a  tumultuous  torrent,  which  requires  pe- 
culiar  precautions,  to  guard  against  its  effects. 

There  are  tides  in  England,  of  sixty  or  seventy  feet  in  height 
The  following  notice  of  such  a  tide  and  of  some  other  interesting 
circumstances,  connected  with  the  flow,  of  water,  was  commu- 
nicated to  me,  by  a  gentleman  from  Georgia,  who  had  travelled 
in  England. 

*^  The  two  principal  branches  of  the  river  Wye,  take  their  rise 
in  Hereford,  and  Montgomery  Shires,  and  unite  their  waters,  at 
Monmouth,  from  whence  to  the  Severn  where  it  empties,  the 
Wye  is  navigable.  But  vessels  with  masts,  never  ascend  be- 
yond Chepstow,  which  is  situated  in  Monmouthshire.  The  coun- 
try through  which  this  river  runs,  being  of  mountainous  charac- 
ter, its  stream  is  consequently  much  broken  by  rapids,  and  cat- 
aracts, and  as  it  approaches  Chepstow,  it  becomes  much  more  nar- 
row, being  confined  on  either  side  by  precipitous  and  rocky 
sides.  At  Chepstow,  the  river  makes  a  sudden  curve,  the  town 
occupying  the  convex  side  of  the  river.  The  strength  of  the 
stream  presses  against  the  Gloucester  bank,  and  an  eddy  is  for- 
med on  the  side  of  the  town,  by  which  vast  depositions  of  mud 
and  sand  are  made.  But  these  encroachments,  are  often  swept 
away  by  the  rapid  and  overwhelming  floods  that  are  occasion- 
ally poured  into  the  river,  through  the  ravines  under  the  Welsh 
mountains.  I  was  in  Chepstow  in  1820.  Immediately  previous 
to  my  arrival  at  that  place,  there  had  been  many  successive  days 
of  rain,  and  the  tide  was  said  to  have  risen  sixty  feet  on  that 
occasion  !  and  I  was  informed  by  the  inhabitants  that  it  had 
been  higher.  I  saw  many  vessels  in  the  stream  secured  by  ca- 
bles made  fast  to  capstans  on  each  side  of  the  river.  The  ra- 
pidity of  the  receding  tide  was  so  great,  that  the  water  was  run- 
ning two  or  three  feet  over  the  decks  of  some  of  the  vessels, 
while  others  which  had  not  been  suflSciently  secured  against  leak- 
age, were  sunk;  and  it  frequently  happens  that  after  rainy  seasons, 
vessels  are  unable  either  to  receive,  or  deliver  cargoes  until  the 
mountains  have  ^  dried  their  cheeks.^^    The  old  bridge  across 


80  TWK  VBMSK  USD  MLtTTUL  ACTIOir. 

Uta  Wye,  whkh  wu  Birept  airar  and  rebuilt  umnj  timea  d 

the  Imst  centivT  wai  finally  aooihilated,  by  a  freshet  whicti 

pened  Bometime  in  1813  or  1814.     It  Mood  on  woodeo 

niaeA  more  than  forty  &xt  from  tlie  bonk  of  the  river. 

present  iron  bridge  is  erected  on  stone  piers,  of  nearly  fift 

from  the  baak,  and  notwithstanding  the  immense  piers  of 

and  stone,  (baaed  in  the  bed  of  the  riTer)  which  support  itt 

die  arches,  the  Yibration  occasioned  by  heavy  floods  is  so  { 

that  it  is   c<Hisidered  dangerous    to  paas  it  at  such  sei 

as  the  moat  gentle  horses  frequently  take  fright  and  do  i 

damage,  when  they  find  themselves  on  so  uofinn  a  fbi 

tioo. — I  was  told  by  an  intelligent  old  gentleman  of  the  I 

^t  of  late  the  water  has  fiequeatly  liaeo   much  higher  ih 

did  when  he  was  a  boy,  wluch  circumstance  was  attributed  t 

great  agricultural  improvements,  which  had  taken  place  o 

bank  of  this  river,  and  particularly  in  draining,  as  the  wat 

tboae  meant,  was  more  suddenly  conveyed  into  the  stream. 

*'Hy  <4d  acquaintance  also  showed  me  ■  wall,  situatei 

garden  about  three  hundred  yaids  from  the  river,  whose 

ebbed  and  flowed,  (as  regularly  as  the  river)  fourteen  fee 

pendicular.     A  little  before  the  tide  had  attained  its  beigt 

water  in  the  well  began  to  recede ;  at  high  water  the  we 

dry,  and  shortly  after  the  river  began  to  ebb,   the  wai 

the  well  returned. — The  regularity  of  this  routine  was  more 

ted  by  wet  than  dry  weather."* 

*  Wc  had  oecsdoo,  nnder  the  b««d  of  luxl  ^ipa  «iid  *UdM,  p.  90,  to  nenOc 
•f  Ibe  While  [oaantuiii,  ind  (be;  wars  cited  al«o  u  Inffuices  of  dUurii]  wti 
Wc  DOW  add  1  DoUce  of  (  lUde  in  tbe  mounluni  of  VermoDt,  Id  lUiutratio 
Mme  nibject 

It  blippened  in  Liacoln.  Addiaon  county,  on  tbe  2Tth  of  Jane,  1B27,  in  t 
MOO.  Tha  allda  eonuncDced  netr  the  top  of  the  monotun.betweeD  twolar; 
which  were  itrippod  of  earth,  qiening  a  puaege  of  lour  radi  wide,  Irom  i 
proceeded  io  >  south  easteliy  directioo,  fndullly  widei^ng  for  die  diattoce 
huDdi«d  rodi,  to  the  louth  branch  of  Mill  Brook  in  Fayiton.  In  its  eonne  i 
OTery  thing  in  ita  way ;  overturning  trees,  dlveatlng  them  of  their  roola,  b 
and  bark,  and  often  breaking  them  into  dtort  pieces.  A  number  of  rocki  *■ 
train  Gfteen  to  twenty  teas  were  moved  araie  diitanee.    From  when  it 
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It  is  obvious  that  these  facts  are  cited,  in  order  to  give  us  some 
standard  views  by  which  we  may  estimate  the  force  of  great 
moving  waters,  especially  when  their  power  is  increased  by  lat- 
eral pressure,  operating  to  narrow  the  channels  in  which  they 
flow. 

Every  great  rain  gives  us  similar  evidence,  by  the  efiects  of  the 
torrents  which  it  creates,  or  greatly  augments.  They  produce 
frightful  devastation  in  their  course,  and  sometimes  bear  before 
them  every  thing  but  the  firmly  fixed  mountain  rocks. 

It  would  not  be  easy  to  cite  a  more  striking  instance  of  dilu- 
vial ravages,  than  those  produced  by  the  eruptions  of  Long  Lake 
into  Mud  Lake,  in  Vermont,  June  6,  1810,*  on  which  occasion, 

*  American  Joarnal,  Vol.  XI.  p.  89. 

Mill  Brook,  its  course  wss  in  t  norUi  easterly  directioD,  two  hundred  and  eighty 
rods,  tile  natural  course  of  the  brook  being  yery  small ;  but  the  channel  cut  by  this 
torrent  is  now  finom  two  to  ten  rods  in  width ;  and  on  either  side  are  fatfge  quantities 
of  flood  wood  piled  up  Tery  high ;  and  from  fifteen  to  twenty  rods  of  the  lower 
part  it  is  blocked  up  across  the  channel  in  every  diroctioa  ;  some  of  the  trees  are 
standing  on  their  tops,  and  generally  stripped  of  roots,  branches  and  bark,  and  broken 
into  many  pieces.  A  large  birch  tree,  measuring  ftree  fi»et  nine  inches,  was  broken 
off  square.  A  black  ash  was  literally  pounded  into  a  broom,  whose  brush  is  seven 
ieet  long.  The  force  of  the  water  was  very  great;  in  some  places,  it  must  have 
been  thirty  feet  deep.  Some  of  the  trees  on  the  skies  of  the  channel  were  barked 
Uiirty  or  forty  feet  high,  and  there  was  mud  on  them  at  chat  height 

The  report  was  heard  at  the  distance  of  several  miles,  and  by  some  was  thoiia^t  to 
be  an  earthquake— by  others,  a  clap  of  thunder,  but  unaccountably  prolonsce^)  .)Dd 
attended  by  a  perceptible,  continued  jar.  Fortunately,  as  it  was  a  number  of  niiles 
distant  from  any  human  abode,  wild  bessts  alone,  were  exposed  to  its  ravages.* 

In  its  whole  course  before  reaching  Mill  Brook,  it  swept  through  a  dense  forest, 
mofrtly  pf  hemlock  and  spruce,  and  took  off  the  entire  surface,  and  every  thing  which 
it  contained.  The  ground  appeared  to  be  as  free  from  roots  as  if  it  had  been  tilled 
for  fifty  years.  Some  trees  which  were  so  firmly  rooted  in  the  rocks,  that  they 
could  not  be  drawn  out,  were  pounded  off  upon  a  level  with  the  surface  of  the 
ground,  as  if  they  had  been  but  slender  reeds.  At  some  distance  above  the  stream 
Uie  mass  parted,  and  left  a  few  rods  square  of  timber  standing — but  soon  united 
again — and  rudiing  on  in  all  its  tremendous  power,  struck  obliquely  against  the 
<^positB  bank  of  Mill  Brook,  with  a  concussion  that  shook  the  mountains.     When- 

*  A  fdmilar  occurrence  took  place  a  few  years  since  upon  the  same  peak,  bat  on  a 
much  smaller  scale. 

n 
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earth,  stones,  large  rocks,  trees  and  forests,  animals,  milk,  and 
other  stractures,  were  borne  away  with  resistless  impetoooty, 
with  the  noise  of  loud  thunder,  and  the  concussion  of  an  earth- 
quake—eicavating  the  small  outlet  of  the  lakes,  caDed  Bartoa 
river,  into  a  channel,  sometimes  one-eighth  of  a  mile  wide,  and 
sixty  or  eighty  fi^t  deep — the  devastatioo  extending  fborteai 
miles  in  length,  and,  to  a  degree,  twenty  two  miles,  quite  to 
Lake  Memphremagog. 

The  effects  of  the  great  storm  of  July  96,  1819,  in  the  CattskS 
range  ;*  and  those  of  the  tempest  in  the  White  mountains,!  in 
New  Hampshire,  August,  1 826,  by  which  the  great  slides  in  the 


*  American  Joaraal,  Vol.  IV .  p.  115.  f  Already  cited  p.  SO  of  Uiia  AmUh. 


ever  a  check  was  given  to  its  progrtM,  Qie  toirent  kmb  aeciUMdatad  fiirce  snfficiaBt 
Id  iNirst  every  barrier— and  again  the  huge  pile  proceeded^  Jlidiiring  down  the 
meuntaln.  The  Ibreat  aeemt  to  have  been  proatrated  wiUi  aa  modi  eaaa  aa  if  it  had 
been  Irat  a  field  of  grain.  The  maaa  evidently  went  down  in  the  wPdeat  iiaiftiiiM 
The  trees  sometimes  erect,  or  aweeping  arennd  in  drdea,  atrae^  tteaa  npen  the 
banlEs  of  the  stream — as  appeared  by  the  bariifraqnenlty  lalBeBeff  aim  gfMlWai|jbl^ 
now  their  tops  and  roots,  alternately  prafecting  forward,  and  again  lyfaig  across  ths 
current,  were  shivered  in  an  instant  They  are  left  in  considerable  nsmb^rs  liuoagh- 
out  the  whole  course,  some  Ijing  upon  the  banka,  odiers  in  the  channel,  and  wholly 
or  in  part,  buried  in  the  sand  and  rocks.  But  the  principal  part  of  the  timber  swept 
from  twenty-five  acres  of  forest,  now  converted  into  a  barren  waste,  liee  piled  in  a 
confused  heap,  covering  perhaps  an  acre  of  ground,  one  mile  and  a  half  from  die 
spot  where  the  slide  commenced !  Here,  having  already  spent  much  of  its  force, 
and  the  mountain  growing  less  precipitous,  it  struck  into  a  cluster  of  firmly  rooted 
trees  and  was  compelled  to  stop.  At  this  place  it  presenta  a  perpendtcnlar  wall  oi(^ 
logs,  &c.  across  the  entire  channel,  in  some  places  ten  or  fifteen  feet  high.  The  up- 
per end  of  the  pile  is  buried  beneath  the  sand  and  atones,  and  the  stream  now  runs 
over  the  top.  Periiaps  those  very  logs  will  be  dug  out  in  after  timea  as  fossil  wood. 
Every  thing  in  this  mass,  bears  the  marks  of  the  greatest  violence.  Almoet  every 
tree  is  completely  divested  of  its  roots,  branches,  and  bark,  as  could  have  been  ef- 
fected by  man,  with  the  proper  instruments.  They  are  pounded  and  splintered  and 
broken  into  all  imaginable  shapes  and  lengths.  The  scene  is  well  worth  the  atten- 
tion of  all  who  have  never  witnessed  the  eflEecte  produced  by  the  agency  of  rail- 
ing torrents  of  water.  No  one  who  haa  contemplated  such  scenes,  can  doabt, 
that  water  is  adequate  to  ftie  production  of  any  of  those  eftects,  which  aie  ascribed 
to  the  deluge. — Cited  from  Mr.  Baldwin's  stetement,  American  Joamal,  Vol.  XV. 
p.  2S8. 
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notch  were  produced,  will  afford  us  additional  evidence  of  the 
tremendous  power  of  great  moving  waters. 

The  following  fact  is  cited  by  M^.  Penn,  (Vol.  I.  p.  50,  Introd.) 

^^On  the  14th  of  October,  1822,  a  wave,  which,  during  a 
storm,  broke  against  the  pier  of  Ramsgate,  and  was  dashed  up* 
wards  to  a  height  of  about  fourteen  feet,  fell  again  upon  the 
stone  pavement  of  the  pier  head ;  and,  by  the  force  of  its  reac- 
tion, instantaneously  raised  a  thirty-six  pound  carronade,  with  its 
carriage,  over  a  stone  ledge,  and  precipitated  it  into  the  sea.  The 
harbor  men  assured  me,  that  it  would  have  required  the  utmost 
efforts  of  twenty  men,  to  effect  the  same  operation.^* 

In  the  great  tempest  of  September,  1815,  among  many  similar 
effects,  which  happened  all  along  the  shores  of  New  England, 
a  vast  ridgy  wave,  raised  by  the  hurricane,  came  suddenly,  in 
an  overwhelming  deluge,  upon  the  lower  town  of  Providence,  in 
Rhode  Island,  and,  by  its  force,  entire  rows  of  house^,  and  stores, 
and  ware-houses,  were,  in  a  few  m;nutes,  prostrated.  Ships  of 
three  and  four  hundred  tons,  were  thrown  upon  the  wharves, 
knocking  down  large  buildings  by  their  momentum ;  some  were 
carried  into  the  town,  thrusting  their  jib-booms  in  at  the  second  and 
third  stories  of  houses;  others  were  lodged  in  the  streets,  and  a 
number,  and  those  some  of  the  largest,*  after  carrying  away  a 
strong  bridge,  were  driven  through  a  bay,  usually  too  shallow,  even 
for  small  craft,  and  were  thrown  up,  high  and  dry,  upon  a  beach, 
where  the  salt  water  has  never  been  since,  and  may,  perhaps, 
never  come  again.  Nothing  would  be  easier  than  to  swell  the 
list  of  such  events  ;  but  these  are  sufficient  for  our  purpose. 

If  such  effects  are  produced  by  torrents,  and  tides  of  limited 
extent,  and  short  duration,  the  highest  of  which  scarcely  equals 
one  third  part  of  that  of  the  diluvial  tides,  for  the  same  time,  and 
whose  duration  was  not  equal,  in  any  instance,  to  yl^part  of  that 
of  the  waters  of  the  deluge— if  such  ravages  were  committed  by 
the  Pororoca  of  the  Amazon,  by  the  Bore  of  Nova  Scotia,  and 
by  the  tides  of  the  English  Wye,  what  must  have  been  those  of 
the  forty  days  tide  of  the  deluge  I 
■^    — "  ■ '  ■  ' 

*  Among  them,  the  Ganges,  formerly  a  sloop  of  war. 
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Granting  the  measure  of  time  given  in  the  history  of  iheevent, 
and  that  of  the  elevation  afforded  by  the  highest  existing  moon* 
tains,  (both  of  which  appear  to  be  fair  grounds  of  reasonii^,)  it  is 
not  ^asy  to  exalt  the  imagination  to  an  adequate  conception  of 
the  terrors  of  that  awful  catastrophe.  The  inconceivably  violent 
torrents  and  cataracts,  every  where  descending  from  the  hHls  and 
mountains,  and  meeting  a  tide,  rising  at  the  rate  of  more  than 
seven  hundred  feet  in  twenty-four  hours — resisted  and  aggravat- 
ed in  force,  wherever  it  encountered  the  land,  and  still  more,  the 
hills,  and  the  mountain  ridges ;  accompanied,  also,  we  may  pre- 
sume, by  other  great  instruments  of  almighty  power — the  tempest, 
the  volcano,  and  the  earthquake :  but  with,  or  without  tbem — 
impelled  with  resistless  violence — it  must  have  swept  over  the  sur- 
face, with  a  force  vastly  greater  than  any  thing  that  we  now  know 
of  the  mightiest  rushing  waters.  It  evidently  rolled  every  where* 
over  the  various  inequalities  of  land,  in  tremendous  agitated  bil- 
lows ;  and  where  it  was  narrowed  by  ridges,  and  hills,  and  moun- 
tains, and  thus  forced  through  valleys  and  defiles,  it  must  have 
presented  innumerable  raging  torrents  and  cataracts,  of  awful 
height,  force  and  magnitude,  compared  with  which,  even  Niaga- 
ra would  be  insignificant ;  and  at  that  time  stupendous  rapids  and 
cataracts  necessarily  existed,  wherever  the  water  pitched  over 
barriers  and  precipices.* 

PHYSICAL  EFFECTS  OP  THE  DELUGE. 

Are  there  any  appearances  upon  the  surface  of  the  planet, 
proving  that  it  has  been  ravaged  by  a  violent,  sudden,  and  tran- 


*  However  proper  in  a  mora],  it  is  not  necessary  in  a  geological  view,  to  advert  to 
the  terrors  of  the  animal  creation — and  still  more,  to  the  dismay  and  deqMir  of  the 
human  race.  The  traditions  of  all  nations,  shew  that  an  indelible  impression  has 
been  made  by  the  event  Painters  and  poets  have  drawn  the  most  vivid  and  pain- 
fully sublime  pictures  of  those  overwhelming  scenes:  and  to  their  graphic  touches 
we  leave  the  subject. 

Nor  do  we  think  it  incumbent  on  us  to  shew,  that  the  ark  was  safe  amid  that 
mighty  movement  of  waters.  A  broad  flat  vessel,  probably  without  spars  and  rig- 
ging, deeply  laden,  might  well  stand  the  agitation  of  that  ocean ;  and,  if  grounded, 
it  would  be  but  lor  a  moment,  as  the  rising  flood  would  immediately  Hit  the  floating 
structure  clear  again. 
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^ient  deluge  7  The  answer  is,  that  they  are  numerous  and  con- 
vincing. 

The  effects  of  the  deluge  were  not  forming,  but  destroying  ef- 
fects :  they  were  mechanical,  and  not  chemical.  There  is  not 
the  least  reason  to  believe,  that  any  solid  rock  was  produced  at 
thiEit  period,  nor  that  any  of  the  firmly  imbedded  and  petrified  or- 
ganized remains  belong  to  this  epoch.  The  diluvial  ocean  was 
agitated  by  a  mighty  moving  force,  or  it  would  never  have  attain- 
ed its  greatest  elevation  within  forty  days ;  it  was  turbid  in  the 
extreme,  and  filled  with  the  wreck  of  the  surface  of  the  planet, 
with  moving  rocks,  stones,  gravel,  earth,  and  coarse  and  fine  sed- 
iment— and  with  extirpated  and  floating  vegetables,  and  drowned 
animals. 

Its  various  effects  may  be  included  under, 

1.  Disposition  of  mineral  masses. 

2.  Of  animal  and  vegetable. 
1.  Mineral  diluvium. 

The  distinction  between  diluvium  and  alluvium  lias  been  al- 
ready pointed  out. 

Diluvium  is  found  every  where.  The  almost  universal  depos- 
its of  rolled  pebbles,  and  bowlders  of  rock,  not  only  on  the 
margin  of  the  oceans,  seas,  lakes,  and  rivers ;  ^ut  their  existence, 
often  in  enormous  quantities,  in  situations  quite  removed  from 
large  waters;  inland, — ^imbedded  in  high  banks,  or  scattered, 
occasionally,  in  profusion,  on  the  face  of  almost  every  region, 
and  sometimes  on  the  tops  and  declivities  of  mountains,  as 
well  as  in  the  valleys  between  them  ;  their  entire  difference,  in 
many  cases,  from  the  rocks  in  the  country  where  they  lie — round- 
ed masses,  and  pebbles  of  primitive  rocks,  being  deposited  in  sec- 
ondary and  tertiary  regions,  and  vice  versa  ;  these,  and  a  multi- 
tude of  similar  facts,  have  ever  struck  us  as  being  among  the  most 
interesting  of  geological  occurrences,  and  as  being  very  inade- 
quately accounted  for  by  former  theories.  Pebbles  may,  in  giv- 
en instances,  be  formed,  (possibly,)  by  decomposition  of  the  an* 
gular  portions  of  a  stone — ^by  various  chemical  agencies,  aiding 
those  of  a  mechanical  nature — but  an  immense  number,  and,  in 
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our  view,  much  the  greater  number  of  pebbles,  present  onqofiB- 
tionable  evidence  of  having  been  brought  to  their  rounded  fima 
by  friction. 

The  attrition  of  the  common  waters  of  the  earth,  and  eTen  thai 
exerted  during  the  comparatively  short  period,  of  the  prevalence 
of  the  deluge  of  Noah,  would  do  very  little  towards  producing  so 
mighty  a  result ;  and  we  must  assign  this  operation  to  the  mere 
recent  periods  of  the  prevalence  of  the  first  ocean. 

Diluvial  formations  have  a  wave-like  or  undulating  appear- 
ance. 

This  we  have  often  observed  in  the  plain  of  New  Haven,  and 
in  other  regions  of  Connecticut  and  New  England — exhibiting 
frequently,  a  delicacy  of  flexion,  in  the  layers  of  gravel  and  sand, 
which  makes  them  appear  as  if  they  had,  but  a  moment  before, 
received  their  impulse  and  position  from  undulating  watec,  and 
as  if  they  had  copied  the  very  eddies  and  gyrations  t>f  the  wave. 

Bowlder  stones,*  consisting  of  fragments  of  primitiTe  rocks, 
probably  from  north  of  the  great  lakes,  are  found  abundandy 
on  the  secondary  regions  of  Ohio  and  Kentucky  ;  the  fragments 
of  the  primitive  Alps,  on  the  Jura  chain,  (the  lake  of  Geneva 
intervening ;)  the  ruins  of  the  Scandinavian  mountains  on  the 
secondary  and  diluvial  plains  of  Prussia  and  Northern  Germany, 
(the  Baltic  being  between,)  and  the  fragments  of  the  northern 
counties  of  England,  cover  the  southern  and  middle  regions. 

In  many  cases,  bowlders  and  pebbles  can  be  traced  to  their 
native  beds,  and  frequently  they  are  strangers  to  the  regions 
where  they  are  found. 

Deserts  of  sand,  covering  tracts  more  or  less  extensive,  such  as 
those  in  South  Africa,  and  in  the  Zahara,  stretching  in  a  vast 
belt,  from  the  Atlantic  ocean  to  the  desert  of  Lybia ;  the  sandy 
plains  of  Arabia,  Germany,  and  Russia — the  great  desert  at  the 
foot  of  the  Rocky  mountains,  and  all  similar  deposits,  in  situa- 


*  The  rock,  in  Horeb,  that,  being  nnitten  by  the  rod,  gtye  forth  witer,  l«,  mcqt* 
^ing  to  Shaw,  a  bowlder  of  granite. 
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tiont  where  no  existing  causes  coald  leare  them,  are,  with  great 
propriety,  referred  to  the  deluge. 

The  diluvial  waters  appear  to  have  transported  and  arranged 
these  masses,  by  sedimentary  deposition,  and  that  they  had  suffi- 
cient power  to  roll  even  bowlder  stones  and  disjointed  columns* 
to  great  distances,  is  sufficiently  evident,  from  what  we  know  of 
the  energy  of  torrents  in  our  own  time. 

Beds  of  sand,  gravely  clay,  loam,  pebbles  and  bowlders  are 
found  to  compose  the  loose  materials  of  every  country,  and  they 
invariably  exhibit  the  appearance  of  deposition  from  water, 
sometimes  tranquil,  sometimes  more  or  less  agitated* 

The  effects  of  the  devastation  which  every  where  marked  the 
rise  of  the  deluge,  were  in  a  considerable  degree  veiled,  by  the 
gradual  depositions  of  sedimentary  matter  that  took  place  during 
the  decline  of  the  waters.  The  history  informs  us  that  the  waters 
rose  forty  days,  prevailed  one  hundred  and  fifty  days,  and  gradu- 
ally rethred  during  six  months,  thus  affording  a  long  period,  of 
comparative  tranquillity,  for  the  arrangement  of  the  universal 
sedimentary  beds  which  we  now  see. 

As  at  the  termination  of  the  first  ocean,  there  must  have  been 
a  multitude  of  local  lakes,  determined,  by  the  basin  shape,  so  often 
traced  by  contiguous  hills  and  high  grounds ;  in  these,  sepa- 
rate and  independent  deposits  were  doubtless  going  on,  for  a 
length  of  time,  even  after  the  earth  began  to  be  repeopled. 
Those  lakes  that  had  no  permanent  supply  of  water,  would,  of 
course  be  exhausted  by  soakage  and  by  evaporation:  others 
would  burst  their  barriers,  or  gradually  wear  them  down  and  re- 
new the  diluvial  ravages,  during  their  escape ;  while  those  only 
would  be  perennial,  which  were  fed  by  streams  or  springs. 

Many  valleys  of  denudation,  as  they  are  called  by  Prof.  Buck* 
land,  were  probably  produced  by  the  deluge  of  Noah.    Such  val- 


*  Such  93  the  columns  of  trap,  sometimes  of  enormous  size,  which  are  finind  scat- 
tered, up  and  down,  through  the  great  Connecticut  valley,  often  at  a  great  distance 
firon)  their  parent  ridges.  The  most  remarkable  case  in  this  rang*,  i$  ten  ailea  west 
of  Hartibrd,  on  the  Albany  tanipike.«-Se«  Tour  to  Qaeber. 
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leys  are  cootpicuoody  seeo  in  the  South  of  EogiuMl :  nukr 
Urmtm  are  found  capping  contiguous  hilb*  projecting  at  Ibeir 
lUet,  and  running  beneath  their  foundations  ;  a  curre  or  hoUow 
living  been  scooped  out  between,  thus  indicating  the  efiecis  of 
great  rushing  torrents,  attended  perhaps  bjr  conTuIsioos«  that 
Bore  or  less,  broke  up  the  superficial  strata.* 

It  is  not  intended  that  all  TaHeys-  were  prodooed  in  this  man* 
ner ;  many  doubtless  were  thus  formed,  and  many  mtire  were 
deepened  and  modified,  but  a  multitude  of  them  were  probably 
among  the  original  features  of  the  planet,  or  produced  by  early 
convulsions. 

What  has  been  said  of  diluvium  is  not  intended  to  eiclude  the 
idea  of  alluvium.  This  is  forming  at  all  times  by  the  action  of 
causes  now  in  foil  operation,  and  many  instances  of  great  effidcts  of 
this  kind  might  be  cited ;  as  at  the  mouth  of  the  Nile,  of  die 
Mississippi,  and  in  many  other  embouchures,  in  bays  or  sea  coasts, 
lake  shores,  Slc    On  this  subject  it  is  not  necessary  to  enlarge.t 

2.  Animal  and  v^etaUe  bodies  covered  by  diluviom. 

A.  JIiMiaii  Remains. 

Are  there  any  remains  of  the  human  race  corered  by  the  df- 
luTium  ?  Until  very  recently,  it  has  been  confidently  answered 
that  none  have  been  found.  The  human  skeletons  discovered  in 
tufaceous  limestone  both  in  Graudaloupe,  (Phil.  Trans,  of  Lend.,) 
and  more  recently  in  Brazil,  (Phila.  Trans.)  being  arranged  in 
uniform  order,  parallel,  sloping,  and  with  their  heads  all  one  way, 
were  doubtless  deposited  in  this  manner  for  burial. 

Those  at  Gaudaloupe,  being  situated  where  the  tide  ebbs  and 
flows  over  them,  were  evidently  in  a  more  elevated  situation  with 
respect  to  water  when  they  were  interred  than  now ;  and  water 
has  probably  been  the  agent,  by  means  of  which,  the  tufaceous 
rock  has  been  formed  around  them.  The  circumstances  of  those 
in  Brazil  indicate  that  water  has  stood  over  them  also,  but  they 

*  See  this  subject  ably  investigated  and  illustrated  in  the  Reliquic  Dilurianr. 
^  See  Pr.  H.  H.  Hayden*s  interestinf  geologiea]  essays. 
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are  several  miles  from  the  present  sea^  and  the  peculiar  arrange- 
ment and  other  circumstances  of  both  deposits,  indicate  that  the 
bodies  were  interred  with  the  rights  of  sepulture,  and  of  course 
that  they  cannot  be  diluvial  relics.  For  our  present  purpose,  it  is 
not  necessary  to  discuss  these  facts  any  farther. 

If  there  be  any  human  remains,  hitherto  ascertained,  that  may 
be  referred  to  the  diluvial  catastrophe,  they  are,  perhaps,  those 
discovered  in  the  cavern  of  Durfort,  in  France,*  and  in  the  quar- 
ries of  Kosrutz,  in  Germany.  It  would  appear  possible,  perhaps 
probable,  that  the  human  remains  found  in  these  situations,  were 
deposited  there  by  the  deluge.  Such  discoveries  may  be,  here- 
after, multiplied.  They  should  be  received  with  caution ;  but 
they  cannot  fail  to  be  acceptable,  both  to  the  friends  of  geology 
and  of  the  early  scripture  history. 

When  it  is  considered,  that,  excepting  straggling  colonies, 
scattered  here  and  there,  in  remoter  countries,  the  human  family, 
at  the  time  of  the  deluge,  had  probably,  not  extended  far  beyond 
the  neighborhood  of  the  Euphrates,  the  Tigris  and  other  vicinal 
Asiatic  countries ;  that  even  those  countries,  may  not  have  been, 
at  that  time,  very  populous ;  that  many  of  the  corpses  may  have 
been  swept  into  the  ocean,  many  more  buried  deep  in  diluvium 
or  in  accidental  cavities  and  fissures ;  that  those  countries,  being 
without  curiosity  and  without  science ;  and  under  an  arbitrary 
and  jealous  government,  there  is  little  probability,  that  discover- 
ies relating  to  the  extirpated  human  family,  would  be  made,  or, 
if  made  accidentally,  that  the  remains  would  be  regarded,  by 
the  ignorant  and  incurious  inhabitants,  in  any  other  light,  than 
those  found  in  burying  grounds. 

Under  a  different  sway,  it  is  not,  perhaps,  improbable,  that  di- 
luvial human  bones  may  hereafter  be  found  in  Asia ;  but  under 
present  circumstances,  their  absence  does  not  operate,  in  any  de- 
gree, against  the  reality  of  the  deluge,  attested  as  it  is,  by  so 
many  geological  facts,  as  well  as  by  the  history. 


•  Peno,  Vol.  II.  p  894. 
'     12 
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B.  Rewum$  of  Animals  and  VegeiMet. 

These  are  verj  oumcrous  and  equally  unquestiooable. 

We  would  by  do  means  insist,  that  every  skeleton  and  bone* 
found  in  diluvium,  was  buried  there  by  the  grand  catastrophe. 
We  are  willing  to  allow  a  reasonable  number,  and  all  that  can  on 
probable  evidence  be  thus  referred,  to  mere  accidents,  and  to  di- 
luvium or  alluvium,  of  a  more  modem  date  than  that  of  the 
deluge.* 

Single  boncs^  parts  of  skeletons^  and  entire  skdeUms  of  the 
larger  animals^  often  of  extinct  species^  but  mostly  of  known  ge- 
neroy  are  found  abundantly  in  the  diluvium  of  aU  countries^  where 
curiosity  and  intelligence  exist. 

Whales,  sharks  and  other  fishes ;  crocodiles  and  other  am- 
phibia; the  mammoth  or  the  extinct  elephant;  species  of  ele- 
phants, nearly  or  quite  like  those  of  modern  times;  the  rhinoceros, 
the  hippopotamus ;  hyenas,  tigers, deer,  horses;  various  species  of 
the  bovine  family,  and  a  multitude  more,  are  found  buried  in  the 
diluvium,  at  a  greater  or  less  depth ;  and  in  roost  instances,  un- 
der circumstan«  s  indicating  that  they  were  buried  by  the  same 
catastrophe,  which  destroyed  them ;  namely,  a  sudden  and  vio- 
lent deluge. 

The  interesting  and  instructive  geological  essays  of  Dr.  H.  H. 
Ilayden,  may  be  consulted,  for  a  series  of  facts,  relating  to  the 
diluvium  of  the  Atlantic  portion  of  the  middle  and  southern  states 
of  North  America.  It  appears,  that  under  this  diluvium,  there  is 
buried  a  great  quantity  of  the  bones  of  whales,  sharks,  porpoises, 
mammoths,  Asiatic  elephants  and  other  large  animals,  along  with 
nu.uerous  trees,  sometimes  with  their  fruit.     Layers  of  marine 

*  We  arc  not  unwilling  to  concede  every  fict,  tliat  can  fairly  be  claimed,  by  the 
ingenious  writer,  who  would  have  the  inhumed  remains  of  clephanta  and  other  large 
animals,  referred  to  the  celebration  of  Roman  and  Tartarian  games,  and  to  their  war- 
like movements;  but  he  must  not  demand  too  much.  What  Roman  or  Moogiil 
Tartar  emperor,  ever  marched  armies  or  held  his  court  in  either  of  the  Americas,  oo 
the  Ohio,  in  New  Jersey  and  New  York,  or  at  Cheshire,  near  New  Haven,  and  in 
innumerable  other  places,  where  the  bones  of  the  mammoth  and  of  other  gigantic 
animals  have  been  found : 
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mud,  are  also  found,  deep  beneath  the  diluvium,  below  the  pres- 
ent low  water  mark. 

There  are  also  vast  quantities  of  shells,  and  especially  of  a  gi- 
gantic oyster,  in  many  parts  of  the  southern  states.  They  are 
found,  not  only  in  digging  for  wells,  but  they  form  vast  beds  in 
various  places. 

One  of  the  largest  beds  on  the  eastern  continent,  is  near  Tours, 
in  France ;  it  is  twenty  seven  miles  long  and  twenty  feet  thick. 

But  the  beds  of  the  southern  states  far  exceed  this.  A  stra^ 
turn,  on  the  whole  continuous,  although  mixed,  more  or  less, 
with  the  general  diluvium,  and  other  materials  of  the  country, 
has  been  traced  from  the  Eutaw  springs,  in  South  Carolina,  to 
the  Chickasaw  country ;  six  hundred  miles  in  length,  by  ten,  or 
from  that  to  one  hundred,  in  breadth.* 

m 

There  can  be  little  doubt  that  many  of  the  beds  of  oyster 
shells  which  have  been  attributed  to  the  aboriginal  Indians  of 
this  country  are  diluvial  deposits. 

The  bones  and  skeletons  of  large  animals,  especially  of  the 
mammoth,  are  found  in  wide  dispersion,  and  in^very  remote 
countries ;  in  both  Americas,  in  Europe  and  in  Asia.  In  northern 
Asia,  the  tusks  of  the  extinct  elephant,  are  discovered  in  the  diluvial 
banks  of  almost  every  river,  and  the  ivory  is  found  in  such  abund- 
ance, as  to  be  a  regular  article  of  commerce.  An  enormous  car- 
case,! of  the  northern  or  Asiatic  elephant,  a  few  years  since,  by 
the  gradual  thawing  of  the  frozen  bank,  in  which  it  was  imbed- 
ded, high  above  the  water,  fell  down  and  exhibited  the  flesh  in 
full  preservation ;  the  long  bristly  hair  and  vast  massy  hide,  re- 
quiring a  large  number  of  men,  to  carry  it,  afforded  proof  irre- 
fragable, of  the  existence  of  the  animal  in  those  rigorous  climates, 
end  of  his  sudden  extinction,  inhumation  and  congelation,  with 
80  little  interval  of  time,  that  putrefaction  had  not  commenced, 
and  has  not  since  taken  place,  during  a  long  succession  of  ages. 

Indeed,  there  is  but  one  view  which  appears  to  carry  with  it 
the  least  probability,  as  to  the  cause  of  the  wide  dispersion  and 


*  Mr.  Finch  in  American  Journal'  of  Science,  Vol.  VII.  p.  40. 
i  Notes  to  CuTier's  Introductory  Disconne. 
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sepulture  of  the  gigantic  races ;  eapecialljr  of  extinct  animab  'm 
the  various  quarters  of  the  world.  It  seems  evidently  to  ban 
been  the  work  of  the  deluge,  which  at  once  drowned,  and  in  ma- 
ny instances,  extinguished  whole  races  of  animals,  and  buried 
their  bodies  in  the  wreck  of  the  planet  with  which  those  waters 
were  evidently  filled.  Such  a  scene  of  awful  devastation,  was  as 
well  fitted  to  produce  these  effects,  as  it  was  ill  adapted,  to  the 
comparatively  tranquil  life  and  death  of  the  successive  genera- 
tions of  marine  and  aqueous  animals,  that  peopled  the  earty  ocean 
in  its  middle  and  later  stages.  Organized  remains  are  found  at 
very  high  levels,  not  only  mineralised  but  loose  or  in  diluvium, 
thus  proving  the  prevalence  of  the  ocean,  at  different  periodsL 

It  is  said  that  the  skeleton  of  a  whale  lies  on  the  top  of  the 
mountain  Sandhorn,  on  the  coast  of  the  northern  sea.  The 
mountain  is  three  thousand  feet  high,  and  there  n  no  cause  that 
could  have  conveyed  the  whale  to  that  elevation,  except  a  deloge 
rising  to  that  height.* 

So  late  as  June  1834,  the  remains  of  a  whale  were  found  on 
the  westernmost  Stappen,  a  mountain  in  Finmarck,  at  an  eleva- 
tion of  eight  hundred  feet  above  the  ocean.  The  specimens 
which  were  reported  to  be  vertebras,  were  lost  by  shipwreck  on 
their  passage  to  England.  Similar  remains  are  said  to  exist  also 
in  North  Fugeloe,  another  mountain  in  those  regions.! 

It  is  common  to  find  trees  and  their  members  in  the  diluvium, 
and  also  in  the  known  alluvium  of  rivers,  &c.  In  general,  they 
are  not  much  altered ;  sometimes  they  are  partially  bituminixed 
or  verge  towards  lignite,  or  perhaps  are  really  lignite ;  at  other 
times,  they  are  penetrated  by  acids  and  saline  substances,  and 
metallic  minerals,  as  pyrites,  are  occasionally  formed  upon  them. 
It  has  been  already  said  that  there  is  no  difference  in  the  na- 
ture of  the  operations  by  which  diluvium  and  alluvium  are  produ- 
ced, and  that  we  must  resort  to  an  induction  of  particulars  in  order 
to  enable  us  to  distinguish  between  them,  but  in  most  situations, 
especially  those  that  arc  remote  from  rivers  and  moving  waters, 
there  is  very  little  occasion  for  hesitation,  in  forming  an  opinion. 


Penn,  Vol.  II.  pa.  808.  t  IMd. 
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£xiinciion  of  Animdl  Races  by  the  Deluge. 

We  cannot  reasonably  doubt,  that  many  of  the  skeletons  and 
bones  of  the  animal  races,  which  we  find  buried  in  ancient  dilu- 
vium, in  caverns,  and  in  fissures  in  rocks,  were  covered  by  the 
wreck  and  sejdiment  of  the  deluge ;  others  have  evidently  been 
covered  since,  by  ordinary  or  extraordinary  events,  and  our  decis- 
ion, -  as  to  the  era  to  which  we  are  to  assign  them,  respectively, 
must  depend  on  the  circumstances  of  each  particular  case. 

But,  is  it  necessary  to  suppose,  that  all  the  extinct  races  of 
large  animals,  found  in  diluvium,  were  destroyed  at  the.  deluge  ? 
If  the  account  of  the  animals  that  were  preserved  in  the  ark,  is 
to  be  understood  so  strictly,  as  to  include  every  genus  and  every 
species^  then  we  need  make  no  other  variation  in  our  conclusions, 
than  that,  while  all  the  animals,  except  a  few  individuals  of  each 
species,  perished  in  the  deluge ;  and  therefore,  their  remains  may 
be  naturally  found  in  ancient  diluvium ;  some  genera  and  species, 
of  which  the  representatives  were  preserved  in  the  ark,  with  the 
other  animals,  have  perished  since,  by  unknown  causes,  so  that 
their  races  have  disappeared  entirely  from  the  earth.  There  can 
be  no  objection  to  this  admission — it  does  not  weaken,  at  all,  our 
view  of  the  peculiar  and  destroying  effects  of  the  deluge."*^  While 
we  make  this  remark,  we  must  not  however  forget,  that  the  fish 
are  not  mentioned  in  the  history  of  the  deluge.  The  obvious 
answer  to  this  is,  that  being  tenants  of  the  waters,  they  might 
well  be  left  to  take  care  of  themselves. 

Whatever  difficulties  may  arise,  from  the  universal  prevalence 
of  a  stormy,  agitated  ocean,  (at  least  stormy  and  agitated  during  its 
rise,  although  comparatively  pacific  after  it  bad  attained  its  height, 

*  Although  it  appears  to  me  nearly  certain,  that  most  of  the  mastodons  perished  at 
the  deluge,  I  have  no  ohjection  to  admitting,  tiiat  some  of  fhem,  whose  skeletons  are 
found,  may  have  perished  before,  or  since  that  event.  Those  that  are  buried  in  an- 
cient diluvium,  as  that  whose  remains  were  recenUy  discovered  near  New  Haven, 
in  the  gravel  arising  from  the  decomposition  of  the  old  red  sandstone  rock,  were 
clearly  antediluvian,  and  probably  destroyed  by  the  deluge ;  while  some  that  have 
been  discovered,  foundered  in  stH  licks  and  mamhcsi,  may  have  perished  by  miring, 
as  cattle  do  at  the  present  day. 
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duhttg  itB  lifgJBt,)  an  oeeao  fitted  with  the  wreck  of  the  W' 
face,  tofffaid  with  nmd,  and  uofiiendly  to  the  pfeservatioo  eveo  o 
apeddlf  ,  as  thej  iodude  the  species,  both  of  salt  aiM 
rater,  and  therefete  of  widd?  difierent  habits :  we  ma^ 
•appose,  that  a  few  aught  still  escape  destnictioa,  and  thus  pre 
aerre  the  raoei,  ahhough  the  greater  nomber  cTidently  perisbed 
aksig  with  the  lawd  animak,  As  might  be  expected  therefore 
fiod  the  ikeletooi  of  large  fishes,  (whales,  sharks,  Slc)  burie< 
I  aBcieot  dilmriiUB,  <ir  grounded  oo  high  mouotaiDS,  especiall; 
here  ooU  and  ioe  have  aided  in  preserring  the  remains  firon 


jP^jcrMfion  of  VegetabUs. 

Without  supposing  that  die  ark  was  a  green  hoafe,  or  a  repos 
itoffj  of  antedSnTian  seeds,  it  woold  perhaps  not  appear  incredible 
that  Noah,  so  long  warned  of  the  approaching  catastrophe,  wbici 
was  to  tear  awajr  the  soil,  and  root  up  the  forests  by  the  force  o 
rushing  waters,  shoold  have  preserved  some  of  the  more  impor 
tant  esculent  plants  and  seeds ;  a  degree  of  care  not  ezceediii( 
that  which  b  exercised  by  every  leader  of  a  colony,  when  pasaoi 
orer  seas  to  a  new  abode.  But,  howerer  this  may  have  beea 
there  is  no  serious  difficulty  in  belieTing,  that  in  an  ocean,  which 
from  its  magnitude  and  depth,  was  probably  never  warmed  tc 
that  degree  that  favors  germinatioD,  or  vegetable  decomposition 
seeds  of  almost  every  kind,  may  have  floated,  uninjured,  durin( 
the  short  period  of  a  year,  (for  we  know  that  aeeds  and  see< 
vessels,  are  actually  floated  from  continent  to  continent,  withou 
losing  their  germinating  powers,)  and  when  the  waters  subsided 
they  would  of  course,  at  least  those  that  were  in  favorable  cir 
cumstances,  again  shoot  and  grow. 

We  know  also  that  seeds  lie  uninjured  in  the  earth  for  man] 
years,  for  every  movement  of  the  soil  in  cultivation  is  sure,  afiei 
a  little  repose,  to  bring  up  a  new  crop  of  plants,  and  successivt 


*  We  do  not  refer  to  remains  of  fi^es  In  the  lolid  rocks,  wliidi  obTkraaly  beloBi 
tQ  Uie  first  ocean. 
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erops  spring  up.spontaneoiuly,  on  the  same  ground,  even  when 
left  untilled  from  year  to  year. 

It  is  obvious  aisot  that  the  roots  of  plants  and  trees,  would 
again  strike  into  the  ground  and  vegetate  anew,  as  soon  as  the 
waters  were  sufficiently  withdrawn,  and  the  kindly  influence  of 
the  sun  was  felt. 

There  seems  therefore  no  serious  difiiculty  in  the  restoration  of 
vegetation  to  the  earth,  after  the  deluge.* 

The  loose  materials  by  which  the  surface  was  covered,  were  a 
mixture  of  all  preceding  soils,  and  therefore  fitted  for  the  Imme- 
diate  renewal  of  vegetation.  Horticulture  and  agriculture,  espe- 
cially the  cultivation  of  the  vine,  (which  needs  little  besides  sand, 
and  sun,  and  moisture,  to  make  it  grow,)  might  therefore  have 
been  resumed  immediately.  As  vegetation  increased,  the  soil 
would  of  course  improve  in  fertility,  by  a  natural  process  of  ma- 
nuring. 

SUBSIDENCE    OF    THE    DILUVIAL   OCEAN. 

The  retiring  waters  of  the  Noachic  deluge  occupied  half  a  year 
in  their  descent ;  and  thus  time  was  allowed,  for  that  gradual  and 
comparatively  tranquil  deposit  and  arrangement  of  the  ruins  of 
the  surface,  of  which  we  every  where  find  the  most  decisive  evi- 
dence.! 


*  Nor  does  the  diluTial  actkm,  violent  as  we  have  suppoeed  it  to  be,  neeestarify 
imply  the  extirpalkni  of  every  plant;  an  olive  may  have  been  plucked  from  the  tree 
tit  place,  protected  by  some  peculiar  circumstances  of  situation. 

t  Taking  the  Himmaleh  mountains  as  the  measure  of  the  height  of  the  deluge,  it 
fell  at  the  rate  of  about  one  hundred  and  forty  feet  in  twenty-four  hours,  or  a  litUe 
less  than  six  feet  in  an  hour — which,  although  a  rapid  descent  for  a  common  tide,  was 
stow,  compared  with  the  ascent  of  the  diluvial  waters;  a  partial  deluge,  pervading 
tiie  earth  for  a  year,  could  not  have  happened ;  it  must  have  flowed  all  round  the 
globe.  Statical  principles  forbid  us  to  suppose  that  it  was  accumulated  over  a  part  of 
the  world,  and  not  over  the  whole.  I  know  not  on  what  authority,  physical  or  his- 
torical, any  person  is  permitted  to  say,  that  its  elevation  was  less,  than  to  cover  *<  all 
the  high  hills  and  mountains  under  the  whole  heaven." 


«     *^ 
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decline  with  extreme  8lowne88,in  order  to  give  time  for  the  various 
arrangements  of  firm  materials,  which  were  going  on,  and  for  the 
consolidation  of  the  fragmentary  and  petrifaction  rocks,  with 
their  extraneous  contents  of  organized  bodies,  both  vegetable  and 
animal.  We  have  no  reason  to  suppose,  that  there  was  any  mi* 
racqious  interference  to  get  rid  of  the  water,  and  indeed  the  in- 
namerable  marine  races,  found  in  the  rocks,  prove  its  presence, 
during  the  gradual  progress  of  their  lives,  death,  and  sepulture. 
A  rapid  retreat  of  the  waters  would  have  been  entirely  inconsis- 
tent with  this  state  of  things;  it  could  have  produced  no  other  than 
the  most  destructive  effects,  and,  instead  of  fitting  the  earth  to  be- 
come the  abode  of  living  beings,  and  of  man,  their  lord,  would 
have  exhibited  only  a  scene  of  the  most  frightful  devastation,  and 
a  long  time  must  have  passed  after  the  event,  before  it  could 
have  become  habitable. 

As  the  waters  of  the  primeval  ocean,  after  the  mountains  and 
hills  began  to  be  uncovered,  would  be  pent  up  and  forced  into 
sluices  and  narrow  passes,  the  rapidity  and  devastating  eflfects  of 
the  currents  would  have  been  greatly  augmented,  and  for  a  time 
progressively  so,  as  the  waters  descended."^ 


*  It  is  obvious,  that  the  retreat  of  the  waters  could  not,  upon  physical  laws,  have 
been  so  rapid,  as  to  have  been  compassed,  with  safety,  to  the  surface,  within  three 
•atural  days,  the  period  that  must  be  allotted  to  it  by  those  who  understand  the  ac- 
count of  the  time  in  the  common  sense ;  for  two  days  had  passed,  before  the  tops  of 
the  mountains  appeared,  and  every  thing  was  finished  on  the  evening  of  the  fifth 
day,  at  least,  to  such  an  extent,  that  the  ground  was  dry  enough,  to  be  fitted  for  the 
reception  of  man,  and  of  the  terrestrial  animals,  which  were  created  the  next  day. 

Now  the  Himmaleh  mountains  are  nearly  twenty-six  thousand  feet  high ;  proba- 
bly, they  were  then  considerably  higher,  perhaps  twenty-seven  thousand;  as  every 
thing  on  the  surfoce,  indicates  that  the  mountains  have  been  much  degraded  by  the 
wear  of  time.  The  drainage  of  the  earth,  to  have  been  accomplished  in  three  days, 
upon  the  supposition  of  twenty-seven  thousand  feet  elevation,  would  have  required 
a  descent  of  three  hundred  and  seventy-five  fiset  in  an  hour,  or  nine  thousand  in 
twenty-four  hours ;  or,  if  these  mountains  were  only  twenty-six  thousand  feet  high, 
the  drainage  must  have  been  at  the  rate  of  more  than  three  hundred  and  sixty  feet 
in  an  hour,  or  over  eight  thousand  six  hundred  and  sixty-six  in  twent>'-four  hours, 
or  two  thousand  one  hundred  and  sixty-six  feet  in  the  time  of  the  descent  of  a  oom« 
moalide. 

13 
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The  difficulty  would  not  be  diminMbed  by  the  supposition  that 
the  mountains  were  elevated  from  the  bottom  of  the  ancient 
ocean,  for,  if  they  rose  within  the  time  of  a  few  days,  the  efSecis 
on  the  waters  would  have  been  still  more  violent ;  if  they  were 
rising  gradually  during  an  indefinitely  long  period,  this  supposition 
concedes  the  very  point  in  discussion.  Every  geological  theory 
supposes  the  mountains  to  have  been  in  existence,  before  the 
earth  was  habitable,  and  the  Mosaic  history  necessarily  implies 
the  same  fact. 

XXX.— VOLCANOS.* 

Among  the  physical  phenomena  of  our  planet,  none  arrest  the 
attention  of  its  inhabitants  more  forcibly,  than  those  connected 
with  earthquakes  and  volcanos.  These  tremendous  displays  of 
power  cannot  fail  to  interest  even  barbarous  nations,  who  consid- 
er volcanic  craters  as  the  residence  of  demons,  and  their  erup- 
tions as  the  demonstrations  of  their  anger,  and  as  the  means  em- 
ployed by  them  to  spread  destruction.  The  missionaries  in 
Owyhee,  (Hawaii,)!  have  given  us  a  very  interesting  account  of 
the  goddess  Pele,  and  of  the  highly  poetical  mythology,  which  the 
natives  have  built  upon  her  supposed  dominion. 

It  is  not  surprising,  that  such  terrific  appearances  should  be 
imputed  by  barbarians,  to  the  agency  of  a  local  deity,  and  that 
the  visitations  of  earthquakes  and  volcanos,  should  be  regarded 
as  malignant  and  vindictive  inflictions. 

Much  of  the  poetical  machinery  of  the  Greeks  and  Romans, 
was  fabricated  out  of  physical  phenomena.  The  struggles  of  the 
Titans,  buried  beneath  the  mountains,  by  the  anger  of  the  gods, 
were  assigned  by  poetry,  as  the  causes  of  the  earthquakes  of  Ita- 
ly, and  Vulcan  and  the  Cyclops,  according  to  the  annals  of  fa- 


*Thi8  introductory  notice  of  volcanos,  is  taken,  principally,  from  the  Am.  Journal 
of  Science,  Vols.  XIII.  and  XIV.  having  been  prepared  by  the  editor  of  that,  and 
the  author  of  the  present  work. 

i  See  Ellis'  Tour,  and  the  analysis  of  i!,  Vol.  XI.  p.  1.  of  the  American  Jonnial. 
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b)e,  forged  their  thunder  bolts  in  the  bowels  of  Etna  and  of  the 
neighboring  Lipari  islands. 

But  in  modern  times,  since  the  exact  sciences  have  received 
so  much  attention,  volcanos  have  been  studied  with  a  philosoph- 
ical spirit.  Sir  William  Hamihon,  Spallanzani,  Ordinaire,  Bries- 
lak,  Brocchi,  Humboldt,  Von  Buch,  Beudant,  Mackenzie,  Monti- 
colli,  De  la  Torre,  Bory  St.  Vincent,  Webster,  Srrope,  Daubeny, 
and  others,  have  given  us  accurate  statements  of  facts,  and  have 
reasoned  upon  them,  with  direct  reference  to  the  present  state  of 
physical  science. 

To  Mr.  Scrope,  and  Professor  Daubeny,  we  are  particularly 
indebted,  for  recent  and  very  valuable  observations  and  discus- 
sions. Mr.  Scrope  published,  in  1825,  his  ^^  Considerations  on 
Volcanos,"  and,  more  recently,  his  "  Memoir  on  the  Geology  of 
Central  France."  Professor  Daubeny  has  also  very  recently  pub- 
lished his  ^^  Description  of  active  and  extinct  Volcanos." 

All  these  works  are  of  great  value,  and  as  they  have  not  been 
republished  in  this  country,  it  may  not  be  improper  to  refer  the 
reader,  who  may  not  possess  the  original  works,  to  very  full  anal- 
yses of  them,  in  the  thirteenth  and  fourteentli  volumes  of  the 
American  Journal  of  Science. 

While  we  entertain  and  express  the  highest  respect  for  the  au- 
thors of  the  works  alluded  to  above,  we  wish  to  be  understood, 
to  attach  the  principal  value  to  their  precise,  methodized,  and 
copious  statements  of  facts ;  with  most  of  their  conclusions  we 
do,  indeed,  fully  agree,  but  there  are  theoretical  points  in  these 
discussions,  which  will  probably  never  be  settled,  and  about 
which  there  will  continue  to  be  a  diversity  of  opinion. 

Definition  of  a  Volcano. 

Professor  Daubeny  states  the  following  distinction  between 
active  and  extinct  volcanos — the  former  includes  all  those  which 
have  been  eruptive  at  any  time  since  the  existence  of  authentic 
records — the  latter,  those  that  have,  within  the  sam^  limits  of 
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time,  exhibited  no  signs  of  activity,  although  incontestably  oiiift 
same  origin. 

Thus,  although  a  mountain  should  not  exhibit  a  crater,  sod 
the  usual  figure  and  stratification  of  a  volcano, — ^if  its  materiab 
have  ^'a  vitreous  aspect  and  fiactuie,  together  with  a  cellular 
structure — celb  generally  empty,  and  elongated  in  the  same  di- 
rection, and,  if  they  have  a  glazed,  internal  appearance,^*  there 
need  be  no  hesitation  in  pronouncing  that  the  materials  are  of 
volcanic  origin. 

1.  Extinct  Volamoi  of  France  and  Crermumy. 


Much  philosophical  scepticism  formerly  eiisted  with  respect  to 
ext'uict  voleanos.  They  were  vagn^  referred  to,  but  without 
decisive  proof  of  their  real  volcanic  origin ;  and  autny 
very  imperfectly  quaUfied  to  judge  of  such  questions,  w^e 
ciently  inclined  to  infer  the  existence  of  volcanos  of  former  ages, 
wherever  they  saw  a  conical  hill,  or  afanost  any  hiO,  wilh  a  hol- 
low on  its  summit,  and  porous  stones,  €^  whatever  kind,  were  re* 
ferred  to  a  similar  origin.  It  was  a  very  imposing  and  sublime 
idea,  that  volcanic  fire,  still  active  in  our  planet,  and  still  bursting 
forth,  in  many  places,  with  destructive  energy,  had,  in  ages  long 
past,  exerted  agencies  still  more  extensive— covering  provinces 
with  ruins,  and  operating,  even  in  the  bed  of  the  primeval  oceans. 
The  speculation  seemed,  however,  to  claim  quite  as  much  affini- 
ty with  poetical,  as  with  philosophical  conceptions,  and,  it  was 
not  till  the  middle  of  the  last  century,  that  the  subject  of  extinct 
volcanos  began  to  be  investigated  with  accuracy  and  skill. 

The  much  disputed  country  of  Auvergne,  Velay,  and  Viverais, 
in  France,  has  been  often  visited,  and  examined  by  able  geolo- 
gists, and  we  believe,  that  within  a  few  years  past,  no  one  of  them 
has  left  that  region,  without  being  convinced  that  it  is  of  volcanic 
origin.  The  celebrated  geologist,  D'Aubuisson,  visited  the  coun- 
try in  question,  with  the  strongest  belief,  that  he  should  finid  this 
district  of  Neptunian  origin,  but  he  returned  a  convert  to  the  op- 
posite opinion  ;  a  change,  the  more  creditable  to  his  candor,  and 


.  TOLCANOSr.  101 

to  the  vigor  of  his  mind,  beeausebo  had  before  puUisbed  an  able 
and  interesting  treatise,  to  prove  tbat  bosatt,  and  especialiy  the 
basalt  of  Saxony,  was  of  aqueous  fermation. 

The  volcanic  district  of  France,  Mes  i^on  the  river  Rhone, 
nearly  in  the  angle  formed  by  it  with  the  Mediterranean,  and 
covers  aa  area  nearly  square,  of  froai  forty  to  fifty  leagues  in  di- 
aoieler. 

We  have  never  visited  tkat  country,,  but  the  evidence  of  its 
volcanic  origin,  exhibited  by  Mr.  Scrope  and  Professor  Daubeny, 
confirming,  extending,  and  giving  precision  to  the  observations  of 
many  previous  writers,  leaves  nol  the  shadow  of  a  doubt,  thai  the 
tremendous  subterraneous  agency  of  fire  has  covered  this  fine 
country  wkh  floods  of  molten  rock ;  no  more  doubt,  indeed, 
than  that  similar  events  have  happened  at  Vesuvius,  Cotopaxi, 
and  iEtna. 

With  the  aid  of  a  fine  series  of  specimens,  from  this  very  re- 
gion ;*  with  the  full  descriptions  of  the  ant&ors  whom  we  have 
jast  named,  and  with  the  noble  atlas — geological — ^geographical, 
and  picturesque,  of  Mr;  Scrope,  illustrating  the  striking  features 
of  this  interesting  region — we  feel  the  fiillest  conviction,  that 
their  conclusions  arc  substantially  correct ;  and  we  can  easily  im- 
agine, that  we  see  the  fk>ods  of  lava,  pouring  from  this  now  quiet 
and  cold  craters,  and  that  the  skies  of  that  part  of  France  were 
once  dimmed  by  the  clouds  of  volcanic  ashes,  as  those  of  Italy 
are  at  the  present  day. 

Craters,  regularly  formed,  often  entire,  sometimes  with  the  thin 
and  scorified  edge  of  the  lip  in  fine  preservation,  and  occasional* 
ly  of  vast  dimensions ;  here,  Mack,  rugged  and  scathed  with  fire ; 
there,  overgrown  with  trees,  and  there,  fitted  with  watery  forming 
lakes ;  currents  of  lava,  lying  wbese  they  flowed  firom  the  crater, 
or  where  they  burst  firom  the  side  or  foot  of  the  ruptured  moim- 
tain,  extending  many  miles,  and  many  leagaes,  traceable  directly 
to  their  parent  mountain,  winding  along  the  gorges  and  the  sinu- 


*FarniBhed-  to  the  cabinet  of  the  American  Geological  Society,  by  our  celebrated 
geologist,  Mr.  William  Maclure. 
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odties  of  the  Talliet,  now  and  then  diverted  from  their  coanebf 
rocks,  hilh,  and  other  obstmcles ;  sometimes  dammiog  up  riven, 
whose  courses  they  have  crossed  or  obstructed,  and  thus  foriuiiig 
lakes  of  considerable  dimensions ;  eihibiting  all  the  Tarieties  of 
lithoid  lava,  from  that  which  is  compact  and  rock-like,  to  that 
which  is  porous  and  vesicular  in  an  incipient,  or  in  a  prevailing 
degree ;  crowned  or  mixed  with  slag,  scoriae,  pumice,  olivine  and 
other  ezuvise  of  known  and  active  vcJcanos ;  displaying  frequcDt* 
ly  a  structure,  now  spherical,  ovoidal  and  concentric ;  now  pris- 
matic and  columnar,  and  fronting  streams,  and  bounding  valleys, 
with  ranges  of  columns*  equalling  or  rivalKng  the  regularity  of 
the  fiunous  colonnades  of  Fingal^s  cave,  and  the  Giant^s  Cause- 
way ;  these  are  a  few  of  the  most  striking  fixtures  of  these  coun* 
tries,  which  are  so  affluent  in  proofs  of  their  igneous  origin,  that 
there  is  nothing  needed,  but  to  select  carefbHy  sod  judicioosly, 
those  hiCU  which  will  be  the  most  decisive,  especially  with  re- 
spect to  minds  not  fiimiliar  with  such  contemplations. 

The  volcanos  of  the  Auvergne,  &c.  are  regarded  as  of  differ- 
ent ages ;  some  appear  to  have  been  active  beibre  the  formatioii 
of  the  present  valleys,  and  some  since ;  where  the  currents  of  la- 
va have  been  cut  through,  by  thoee  causes  which  formed  the 
present  valleys,  they  are  obviously  older  than  the  valleys,  and 
where  these  currents  have  flowed  into  valleys,  bedsof  rivers,  &c. 
thev  are  as  obviouslv  of  a  more  recent  date. 

Although  the  local  geographical  names  may  be  supposed  to 
allude  to  the  former  character  of  the  country,  as  Auvergne, 
(Avemus,)  Vallee  d'^Enfer,  &c.  still,  it  is  thought  that  these  names 
convey  no  allusion  to  historical  events,  but  rather  to  the  actual 
appearance  of  the  surface. 

Although  the  formation  of  these  volcanic  regions  was  anterior 
to  the  records  of  history,  it  was  evidently  in  the  most  recent  por- 
tions, po8terior  to  the  existence  of  organized  beings,  which  are 
found  imbedded  in  the  volcanic  tufa. 
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Principal  Volcanic  Phenomena: 

^^  They  are  commooly  preceded  by  earthquakes  of  different  de- 
grees of  intensity  and  duration,  and  with  loud  sounds  or  detona* 
tions,  resembling  the  noise  of  ordnance  and  musketry,  apparently 
produced  by  the  disengagement  of  aeriform  fluids,  and  the  in- 
crease of  bulk  in  the  fluid  rocks ;  and  their  sounds  are  conveyed 
through  the  solid  earth,  not  by  means  of  the  air.  The  atmos- 
phere, at  this  time,  is  remarked  to  be  in  a  peculiar  state  of  still- 
ness, attended  by  a  sense  of  oppression. 

^^  During  this  period,  also,  springs  are  apt  to  disappear,  so  that 
wells  become  dry ;  and  it  is  known  that  the  extent  of  this  affection 
is  sometimes  very  considerable. 

'^  When  the  eruption  first  appears,  it  is  generally  with  sudden 
and  great  violence.  Explosions,  apparently  from  confined  air, 
take  place  with  loud  noises,  and  succeeding  each  other  with  ra- 
pidity, and  often  with  increasing  force ;  the  vent  being,  common- 
ly, the  central  point  or  crater  of  the  mountain.  And  in  its  at- 
tempt to  escape,  this  air  throws  up  fi^agments  of  rock,  which 
sometimes  fall  back  into  the  crater,  and  are  again  repeatedly 
projected,  together  with  clouds  of  aqueous  vapor.  And  as  the 
fragments  also  are  often  broken  into  small  pieces,  and  even  into 
dust,  this,  uniting  to  the  vapor,  or  mixing  with  it,  produces  dense 
black  clouds,  or  smoke,  often  assuming  the  form  of  a  column  of 
entangled  or  successively  formed  clouds. 

^*  Having  arrived  at  a  certain  height,  this  column  generally 
spreads  laterally  or  horizontally,  forming,  if  the  air  is  calm,  a 
shape,  resembling  that  of  a  pine-tree,  or  if  there  be  wind,  a  hori- 
zontal stream.  Out  of  this  cloud  proceed  lightnings  of  great 
vividness,  while  the  falling  of  the  dust,  added  to  the  density  of 
the  cloud,  produces  darkness  over  the  surrounding  country.  The 
melted  rock  or  lava  now  boils  up  in  the  crater,  and  is  often  so 
thrown  up  into  jets  by  the  extricated  air,  as  to  resemble  flames ; 
and  at  length  it  either  boils  over  the  edge  of  the  crater,  so  as  to 
run  down  the  mountain,  or  else  finds  an  issue  laterally,  by  some 
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crevice,  equally  flowing  down  in  a  stream,  which  holds  its  coorse 
as  circumstances  permit,  down  to  the  lower  grounds. 

''  In  the  night  this  current  is  luminous ;  but  in  the  day,  it  is 
generally  obscured  by  vapors,  or  loses  its  light  by  the  eoolkig  and 
blackening  of  the  surface.  There  are  cases,  however,  in  which 
no  torrent  of  lava  occurs,  and  where  no  other  rocks  than  scorisB 
are  erupted.  The  greatest  period  of  violence  is  generally  over 
when  the  lava  has  flowed  fi>r  a  little  while,  or  this  is  the  crisis  of 
the  volcano.  But  commonly,  the  explosions  of  fragments  and 
dust  continue  for  some  time,  gradually  diminishing,  till  the  whole 
falls  into  a  state  of  quiescence,  and  is  finally  extinguished.  Last- 
ly, it  must  be  noticed,  that  firom  the  action  of  the  volcano  on  the 
i^mosphere,  clouds  are  generally  formed  in  it,  which  produce 
falls  of  rain,  often  causing  torrents,  or  even  inundatiooa. 

**  The  intervals  of  repose  are  various,  reaching  in  some  eases 
as  far  as  to  many  centuries;  so  that  cultivation  and. population 
are  renewed,  to  be  dispersed  again  at  some  future  day.  In  these 
intervals  of  repose,  however,  it  is  common  for  vapors  to  continue 
to  be  produced,  either  from  the  craters,  or  in  the  course  of  the 
currents  of  lava ;  and  when  these  are  sulphureous,  they  deposit 
sulphur ;  and  in  other  cases,  from  their  acid  nature,  they  corrode 
and  decompose  the  rocks  through  which  they  find  a  vent.  What 
are  called  solfataras  and  soufirieres  are  the  result.'^* 

The  display  of  electrical  phenomena  during  volcanic  eruptions 
is  often  very  brilliant ;  Mr.  Scrope  remarks  that  this  was  the  fact 
with  the  eruption  of  Vesuvius,  in  October,  1822.  "From  every 
part  of  the  immense  cloud  of  ashes  which  hung  suspended  over 
the  mountain,  flashes  of  forked  lightning  darted  continually. 
They  proceeded  in  greatest  numbers  from  the  edges  of  the  cloud. 
They  did  not  consist,  as  in  the  case  of  a  thunderstorm,  of  a  single 
zigzag  streak  of  light ;  but  a  great  many  coruscations  of  this  kind 
appeared  suddenly  to  dart  in  many  directions  from  a  central 
point." 


*  Jour.  Roy.  Inst.  No.  40,  p.  3M. 
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Stromboli  appears  to  have  been  in  ceaseless  activity  for  at  least 
twenty  centuries,  throwing  out,  not  flames  nor  lava,  but  scorise. 
It  is  most  violent  before  and  during  stormy  weather,  especially  in 
winter,  when  lava  is  said  to  burst  occasionally  from  its  side  into 
the  sea,  heating  it  to  such  a  degree  as  to  destroy  the  fish,  which 
are  cast  on  shore  ready  boiled. 

This  volcano  is  viewed  by  the  fishermen  as  a  weather  glass,  by 
which  they  augur  the  approach  of  tempests. 

The  volcano  in  the  island  of  Nicaragua,  called,  by  the  sailors, 
the  DeviPs  Mouth,  is  said  to  be  constantly  active,  and  this  appears 
to  be  nearly  the  case  also,  with  that  of  Kirauea,  in  the  island  of 
Owyhee,  (Hawaii,)  but  these  instances  are  very  rare. 

Many  volcanos  are  in  a  state  of  moderate  activity,  with  occa- 
sional paroxysms.  Vesuvius  was  in  this  condition  from  the  be- 
ginning of  the  present  century  to  October,  1822,  when  there  was 
a  violent  eruption.  A  similar  state  of  things  existed  from  1767 
to  1 779,  when  a  violent  eruption  gave  vent  to  the  force. 

^tna  was  eruptive  with  intermediate  agitations  in  1805-9-11 
—12  and  19,  but  both  these  volcanos  have  had  periods  of  long  re- 
pose, even  for  centuries. 

Popocatepetl,  in  Mexico,  has  been  active  ever  since  the  con- 
quest of  Mexico,  and  that  of  Sangay  in  Quito,  has  been  in  inces- 
sant activity  for  about  one  hundred  years. 

Mr.  Scrope  mentions  as  instances  of  remarkable  volcanic  par- 
oxysms, those  of  Vesuvius,  A.D.  79,  203,  472,  512,  685,  993, 
1036,  1139,  1306,  1631,  1760,  1794  and  1822. 

^tna,  in  1169,  1329,  1535;  this  latter  eruption  lasted  two 
years  *'  with  terrific  violence,'^  and  occurred  after  a  quiescence  of 
nearly  one  hundred  years. 

Tenerifie,  in  1704,  1797-8. 

San  Georgio,  one  of  the  Azores,  in  1 808. 

Palma,  one  of  the  Canaries,  in  1558,  1646  and  1777. 

Lanzerote,  one  of  the  same  group,  in  1 730. 

Kattlagia  Jokul,  in  Iceland,  in  1755,  which  lasted  a  year. 

Skaptar  Jokuhl,  in  1783. 

14 
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Violent  eruptions  are  generally  succeeded  by  periods  of  long 
repose,  sometimes  extending  even  to  centuries.  Dccompoied 
lava  forms  a  soil  even  in  the  crater,  and  vegetation  springs  up. 

"  All  appearances  of  igneous  action  are  efiaced  ;  forests  grow 
np  and  decay,  and  cultivation  is  carried  on  upon  a  surface,  destin- 
ed, perhaps,  to  be  blown  to  atoms,  and  scattered  to  the  wind^ 
when  the  crisis  arrives  for  the  renewal  of  the  volcanic  phenome- 
na. Thus  during  the  quiescent  interval,  between  the  eruptions 
of  11 39  and  1 306,  the  whole  surface  of  Vesuvius  was  in  cultiva- 
tion, and  pools  of  water  and  chesnut  groves  occupied  the  sides 
and  bottom  of  the  crater ;  as  is  at  present  the  case  with  so  many 
of  the  craters  of  iEtna,  Auvergne,  the  Viverais,  &c. 

*^  Terrific  eruptions  occasionally  break  out  from  mountains  not 
previously  suspected  to  be  of  a  volcanic  nature,  or  in  which  the 
accounts,  of  former  catastrophes  of  this  sort,  existed  but  as  vague 
traditionary  fables." 

One  of  the  most  remarkable  examples  of  the  explosion  of  an 
entire  volcanic  mountain,  happened  in  1688,  in  the  island  of  Ti- 
mor, one  of  the  Moluccas. 

The  whole  mountain  which  was  before  this  continually  active, 
and  so  hi^h  that  its  light  was  visible,  it  is  said,  three  hundred 
mi)>'s  off,  was  blown  up  and  replaced  by  a  concavity  now  con- 
taining a  lake. 

Theories^  sus^^ested  anterior  to  the  discovery  of  Gtdcanism  and 
the  Metals  of  the  fixed  Alkalies  and  Earths. 

It  is  necessary,  to  occupy  very  little  time,  either  in  reciting 
or  discussing  these  obsolete  theories.  We  wish,  however,  not 
to  treat  them,  or  their  authors,  with  contempt ;  for  they  were, 
perhaps,  the  best  that  the  then  existing  state  of  science  pre- 
sented. 

"  According  to  the  first  and  most  ancient  of  these,  volcanos 
were  attributed  to  the  combustion  of  certain  inflammables,  simi- 
lar to  those  which  exist  near  the  surface  of  the  earth,  such,  for  in- 
stance, as  sulphur,  beds  of  coal,  and  the  like;  and,  in  order  to  ac- 
count for  the  spontaneous  inflammation  of  these  substances,  an 
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appeal  was  often  made  to  an  experiment  of  Leroery,  which 
went  to  prove,  that  mixtures  of  sulphur  and  iron,  sunk  in  the 
ground,  and  exposed  to  the  influence  of  humidity,  would  give  out 
sufficient  heat  to  pass  gradually  into  a  state  of  combustion,  and 
to  set  fire  to  any  bodies  that  were  near/* 

Brieslak  supposed,  that  volcanos  are  produced  by  petroleum, 
collected  in  subterranean  caverns,  and  kindled  in  some  unknown 
way.  Brieslak  has  shewn,  that  petroleum  is  very  abundant  in  the 
glob^;  a  conclusion  which  has  been  still  further  extended  by  the 
researches  of  Hon.  George  Knox.*  It  appears,  that  petroleum 
is  found,  abundantly,  in  the  vicinity  of  volcanos,  and  that  it  is  ex- 
haled during  their  eruptions.  The  uniform  presence  of  sulphur 
also,  in  volcanos,  and  its  copious  exhalation,  during  their  state  of 
activity,  seem  to  countenance  the  general  idea,  that  they  may 
arise  from  the  burning  of  combustibles. 

There  are  many  reasons  why  this  theory,  however  plausible, 
appears  untenable. 

1.  The  quantity  of  any  of  the  ordinary  combustibles,  which 
could  be  supposed  to  be  present  in  any  one  place,  would  be  total- 
ly inadequate  to  the  effect.  Reasoning,  analogically,  firom  our 
knowledge  of  other  parts  of  the  world — what  supply  of  coal,  bitu« 
men,  or  sulphur  could  be  adequate  to  sustain  the  fires  of  Vesuvi- 
us, or  of  Etna,  of  Hecia,  of  Cotopaxi,  of  Teneriffe,  of  Sumbawa, 
or  of  Kirauea!  The  most  powerful  beds  of  coal,  are  but  a  few 
yards  in  thickness,  and  a  few  miles  in  extent.  A  few  capital  ope- 
rations of  any  principal  volcano,  would  soon  destroy  the  greatest 
existing  bed  of  combustibles,  and  instead  of  continuing  from  age 
to  age,  as  many  of  them  do,  all  would  soon  be  exhausted  by  the 
intenseness  of  their  own  energy,  and  the  consumption  of  their 
inadequate  magazines  of  fuel. 

S.  There  are  many  volcanic  countries,  (indeed  most  are  of  this 
description,)  where  the  geological  structure  and  associations  are 
ssch,  as  to  forbid  the  existence  of  coal,  the  only  combustible,  suf- 
ficiently abundant  to  countenance  such  a  theory.     We  should 


*  See  Vol.  XII.  p.  147,  of  the  Americin  Joumal. 
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look  in  vain  for  many  active  volcanos,  in  couolries  of  the  coal 
formation,  or  of  the  anthracite  series.  Although  volcanic  fires, 
occasionally  force  a  passage  through  any  and  every  species  of  for- 
mation, there  is  reason  to  believe  that  they  are  deep  seated — 
probably  even'in  the  primitive  rocks,  and  in  granite  itself,  where, 
of  course,  there  is  no  coal  and  little  sulphur. 

3.  When  also  (in  the  language  of  our  author,)  *^  we  examine 
more  narrowly  into  the  analogies  between  the  effeci»  of  volcanic 
fires,  and  of  those  which  we  know  to  result  from  the  combustion 
of  either  of  these  materials,  we  are  soon  brought  to  confess  the 
inadequacy  of  such  an  hypothesis  to  account  for  the  facts  before 
us.  What  resemblance,  for  example,  do  the  porcelain-jaspers 
and  other  pseudo-volcanic  rocks,  as  they  are  improperly  termed, 
which  we  observe  in  coal  mines,  that  have  been  for  centoriea  in 
a  state  of  infiammation,  bear  to  the  lavas  and  the  ejected  masses 
of  a  genuine  volcano ;  or  where  do  we  observe  fi'om  them  the 
same  evolution  of  aeriform  fluids,  and  of  streams  of  melted  ma- 
terials which  arc  so  characteristic  of  the  latter  V^ 

4.  The  fermentation  of  pyrites  and  the  combustion  of  sulphur 
and  bitumen  and  coal,  do,  without  doubt  produce  certain  effects, 
and  sometimes  those  that  are  considerable ;  still  these  causes  are 
totally  inadequate  to  account  for  the  prodigious  extent,  incon- 
ceivable energy,  indefinite  continuance,  and  successive  reproduc- 
tion, of  volcanic  phenomena. 

It  is  plainly  impossible,  that  such  results  should  take  their  ori- 
gin from  a  few  comparatively  trifling  beds  of  common  combusti- 
bles, and  we  must  obviously  seek  for  other  causes  more  extensive 
and  more  powerful ;  and  which  are  not  limited  in  their  range, 
their  energy,  or  their  capability  of  reproduction. 

5.  Gay  Lussac  urged,  with  much  force,  against  the  theory  of 
burning  combustibles  being  the  cause  of  volcanic  action,  that 
the  atmosphere  cannot  possibly  penetrate  to  those  seats  of  vol- 
canic power,  when  there  is  brought  into  action  a  pressure  capa- 
ble of  raising  a  column  of  melted  lava,  three  times  as  heavy  as 
water,  to  the  elevation  of  one  mile  or  several  miles.  The  objec- 
tion seems  unanswerable,  as  far  as  the  atmosphere  is  concerned : 
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although  we  may  suppose,  that  the  combustion  is  sustained  by 
water,  provided  there  are  combustibles  capable  of  decomposing 
that  fluid,  which  would  not  be  the  fact,  wkh  either  of  the  com- 
bustibles named,  except  coal,  and  that  only  at  the  temperature  of 
intense  ignition,  which  must  not  only  be  produced,  but  must  also 
be  sustained  in  some  other  way,  as  the  affusion  of  water  upon  ig- 
nited coal,  unless  there  is  also  a  copious  supply  of  air,  soon  puts 
an  end  to  the  combustion. 

Earthquakes^  ^. 

'^  Some  are  unwilling  to  admit  earthquakes,  as  any  probable 
indication  of  subterranean  fire,  whilst  others  not  only  include 
them,  but  go  so  far  as  to  class  hot  springs,  gaseous  exhalations, 
and  the  eruptions  of  mud  and  petroleum  amongst  volcanic  phe- 
nomena.'^ 

Do  earthquakes  and  volcanos  depend  upon  the  same  cause  7 
On  this  point,  we  conceive,  that  there  can  scarcely  be  any  ground 
for  hesitation. 

Volcanic  eruptions  are  invariably  preceded,  and  accompanied 
by  earthquakes,  and  when  the  volcano  discharges  its  contents, 
the  earthquakes  immediately  relent,  and  ultimately  cease.  It  is 
plain,  therefore,  that  those  causes  which  produce  volcanos  do 
also  produce  earthquakes.  But,  it  will  be  asked  may  not  earth- 
quakes be  produced  by  other  causes?  To  this  inquiry  we  must 
answer,  that  w^  know  not  of  any  other  causes  that  are  sufficient 
to  produce  earthquakes,  except  those  which  modern  science  has 
assigned  as  the  causes  of  volcanos,  and,  as  these  are,  agreeably 
to  the  Newtonian  rule,  ^^  both  true  and  sufficient^'''*  we  are  bound 
to  admit  them,  at  least  till  other  and  more  probable  causes  can 
be  suggested. 

^^  When  we  observe  two  volcanic  districts,  both  subject  to  earth- 
quakes, which  are  ascertained  to  have  a  connexion  with  the  vol- 
canic action  going  on,  and  find  that  an  intermediate  country,  in 
which  there  are  no  traces  of  the  operation  of  fire,  is  agitated  by 
subterraneous  convulsions,  similar  in  kind,  but  stronger  in  degree 
than  those  which  occur  in  the  more  immediate  vicinity  of  the 
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ToIeaiMMi ;  bave  we  not  reason  to  condode,  that  the  same  action 
eilends  throngbout  the  whole  of  the  above  space,  and  that  it  is 
iUi  which  produces  in  the  intermediate  country  the  eflEdcts  allu- 
ded to,  which  are  only  the  more  alarming  from  the  absence  of 
any  natural  outlet,  from  which  elastic  vapours  might  escape  f 

**  Now  in  proof  of  the  former  of  these  positions,  it  may  be 
scarcely  necessary  to  do  more  than  appeal  to  the  case  of  Etna  or 
Vesuvius,  which  rarely  return  to  a  state  of  activity,  after  a  long 
interval  of  comparative  quiescence,  without  some  antecedent 
earthquake,  which  ceases  so  soon  as  the  mountain  has  establish- 
ed for  itself  a  vent*  Such  was  the  case  before  the  celebrated 
eruption  of  79  in  Campania,  and  in  that  of  Etna  in  1537,  where, 
says  Fazzello,  noises  were  heard,  and  shocks  experienced,  over 
tl|e  most  distant  parts  of  Sicily.  In  such  cases  no  one  would 
doubt  the  connexion  between  the  volcano  and  the  earthquake/^ 

Teneriffe,  furnished  with  the  volcanic  vent  of  Teyde,  enjoys 
comparative  immunity,  while  the  neighboring  islands  are  dread- 
fully agitated.     If  it  be  objected,  that  earthquakes  are  too  exten- 

*  Humboldt  gives  us  the  following  series  of  phenomena,  which  presented  them- 
selves on  the  American  Hemiq>here  between  the  years  1796  and  97,  as  well  as  be- 
tween 1811  and  1812. 

1796. — September  27.    Eruption  in  the  West  India  Islands;  volcano  of  Guadaloupe 

in  activity. 
November ^The  volcano  of  Pasto  begins  to  emit  smoke. 

■  ■  December  14.    Destruction  of  Cumana  by  earthquake. 
1797. — ^February  4.     Destruction  of  Riobamba  by  earthquake. 

1811. — January  80.    Appearance  of  Sabrina  Island  in  the  Azores.    It  increases  par- 
ticularly on  the  15th  of  June. 
May       ■     Beginingof  the  earthquakes  in  the  Island  of  St.  Yincent,  which 

lasted  till  May,  1812. 
December  16.    Beginning  of  the  commotions  in  the  valley  of  the  Missis^ 

sippi  and  Ohio,  which  lasted  till  181S. 

Decembe^-— 'Earthquake  at  Caraccas. 

1812.— March  26.    Destruction  of  Caraccas ;  earthquakes  which  coDtiQued  till  1818. 

■  ■         -April  8Q.    Eruption  of  the  volcano  in  St.  Vincent's ;  and  the  same  day  sub- 

terranean noises  at  Caraccas,  and  on  the  banks  of  the  Apure. 

Pers.  Narr.  Vol.  IV. 
See  also  Gemellaroon  the  Meteorological  Phenomena  of  Mount  Etaa,  extracted 
iB  th«  Laodoo  Jaaraal  of  Sctonee,  Vol.  XIV,  1818. 
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give  to  have  their  effects  attributed  to  the  same  cause  with  volca- 
nos,  we  may  reply,  that  volcanic  movements  generally  accompa- 
ny or  succeed  them,  although  it  may  be  in  remote  countries,  and 
the  earthquakes  of  one  country  are  often  connected  with  those 
of  another. 

To  account  for  the  extent  to  which  the  vibration  of  the  solid 
substance  of  the  earth  will  communicate  both  shocks  and  sounds, 
Mons.  Gay  Lussac  (^^  Annates  de  Chimie,^^  &c.  Tome  xxii,  page 
429,)  remarks,  that  a  vibration  of  the  earth  is  similar  to  that  of 
the  air ;  that  it  is  a  powerful  undulation,  produced  in  the  mast 
of  the  earth,  by  some  commotion,  and  that  it  is  propagated,  with 
the  same  celerity  as  sound.  If  we  are  surprised  at  the  immense 
extent,  to  which  the  shock,  the  sound,  and  the  ravages  of  an 
earthquake  are  perceived,  we  may  be  instructed  by  considering, 
that  the  shock  produced  by  the.head  of  a  pin,  at  one  end  of  a  long 
beam,  is  distinctly  perceived  at  the  other,  in  consequence  of  a 
vibration  of  all  its  parts.  The  movement  of  a  carriage  upon  the 
pavements  shakes  vast  buildings,  and  is  communicated  through 
great  masses  of  matter,  as  in  the  deep  quarries  under  Paris.  M. 
Gay  Lussac  inquires,  therefore,  whether  it  is  astonishing,  that 
a  violent  commotion,  in  the  bowels  of  the  earth,  should  cause  it 
to  tremble  through  a  radius  of  many  hundred  leagues.  Thb 
philosopher  concludes,  that  earthquakes  are  the  result  of  the 
communication  of  a  commotion  through  the  mass  of  the  earth, 
so  independent  of  subterranean  caverns,  (which  some  have  sup* 
posed  favorable  to  the  propagation  of  the  sound  and  motion)  that 
these  effects  will  be  propagated  the  more  extensively,  the  more 
homogeneous  the  materials  of  the  earth  are. 

Our  knowledge  of  elastic  agents  justifies  us  in  concluding,  that 
steam  and  gases,  in  a  word,  aeriform  agents,  as  the  immediate 
moving  power,  are  the  causes  of  volcanic  eruptions,  and  of  earth- 
quakes. When  evolved  rapidly  and  suddenly, — that  is,  in  very 
great  quantities,  in  a  given  short  time,  and  endowed  by  heat  with 
great  elastic  power,  they  have,  without  doubt,  sufficient  ener- 
gy to  rend  mountains,  to  raise  floods  of  fiery  lava-*to  project  stones 
to  great  heights  in  the  atmosphere — to  rock  alpine  ridges,  on 
their  foundations,  to  heave  Che  ooean  into  u&wonted  undulations 
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— ^to  shake  continents,  and  the  solid  globe  itself,  to  its  very  centre. 
The  effects  of  gunpowder,  of  fulminating  preparations,  and  of 
imprisoned  steam,  when  suddenly  liberated,  (now  so  familiar  to 
mankind,)  fully  justify  us  in  attributing  to  elastic  agents,  all  that 
we  have  done  in  this  statement. 

This  subject  has  been  fully  illustrated  by  Mr.  Scrope,  in  his 
Considerations  on  Volcanos.* 

Most  hot  springs  have  their  origin  from  volcmiic  action. — Ma- 
ny that  are  not  connected  with  active  volcanic  regions  arise  from 
basaltic  rocks,  and  their  composition  is  observed  to  be  similar  to 
that  of  the  waters  of  volcanic  districts,  especially  in  their  con- 
taining soda  or  the  mineral  alkali.  It  is  possible  that  some  hot 
springs — as,  for  instance,  those  of  Bath  and  Bristol,  may  be  de- 
rived from  the  fermentation  of  pyrites,  or  from  other  chemical 
agencies,  generating  heat,  and  that  the  permanency  of  the  tem- 
perature may  arise  from  the  great  depth,  at  which  the  chemical 
action,  giving  origin  to  the  heat  is  sustained. 

There  can  be  no  doubt  that  Water  is  a  great  agent  in  producing 

Volcanos. 

Mons.  Arago  enumerates  one  hundred  and  sixty-three  active 
volcanos,  nearly  all  of  which  are  situated  near  to  the  sea,  '^  in 
islands  and  maritime  tracts.^^ 

The  apparent  exceptions  are  few,  and  generally  when  exam- 
ined, they  will  not  prove  to  be  real. 

If  there  are,  as  is  stated,  but  not  fully  confirmed,  one  or  two 
volcanos  in  the  centre  of  Tartary,  they  may  communicate  with 
the  lakes  of  that  country,  some  of  which  are  saline. 

JoruUoy  in  Mexico,  is  one  hundred  and  twenty  miles  from  the 
ocean — but  Colima,  on  the  Pacific,  and  Tuxtla  on  the  Atlantic, 
may  be  regarded  as  the  wings  of  a  vast  subterranean  gallery,  by 
which  the  waters  of  either  ocean,  may,  ultimately,  communicate 
with  Jorullo,  and  we  may  presume,  that  a  similar  state  of  things 
exists  with  respect  to  the  various  mountain  groups  of  Guatimala, 
Colombia  and  Chili. 

*  See  Am*  Jour.  Vol.  XIII,  page  108. 
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It  does  not  appear  to  us  important  to  iosiat,  that  the  commu* 
nicatioD  supposed,  should,  in  every  case,  be  with  salt  water.  It 
is  true,  that  muriate  of  soda  is  frequently  sublimed  in  volcanos, 
and  we  may  generally  attribute  this  to  the  proximity  of,  or  at 
least  to  a  communication  with  the  sea.  But  those  great  effects,  for 
which  water  is  necessary  in  volcanos,  depend,  not  upon  the 
foreign  in^^ients  it  may  chance  to  contain,  but  upon  its  action 
in  its  own  proper  character,  either  fluid  or  aeriform,  and  upon  the 
agency  of  its  elements.  It  wcmld,  therefore  in  our  view,  not 
operate,  seriously,  against  the  reasoning  founded  upon  the  sup- 
posed presence  of  water,  if  volcanos  should  break  out,  or  be  dis- 
covered in  the  midst  of  our  greatest  continents.  We  are  always 
at  liberty  to  suppose  a  communication  with  water,  when  we  have 
so  much  evidence  of  its  existence  in  the  bowels  of  the  earth,  in 
caverns,  and  internal  lakes  and  springs,  and  rivers,  besides  the 
vast  stores  which  we  see  on  the  surface. 

As  to  the  extinct  volcanos  of  France  and  other  countries,  as 
neither  history  nor  tradition  reaches  to  the  period  of  their  activity, 
although  the  evidence  of  their  ancient  existence  is  unquestionable, 
we  may,  with  good  reason,  refer  their  origin,  at  least,  to  the  peri- 
od, when  the  countries  in  which  they  are  situated,  were  sub-ma* 
rme^  or,  when  water  existed  abundantly,  on  the  surface,  in  natural 
hollows,  forming  lakes  and  inland  seas,  more  or  less  extensive.* 
But,  it  must  be  allowed,  that  water  at  the  bottom  of  the  ocean, 
existing  under  an  enormous  pressure  of  we  know  not  how  many 
miles  of  fluid,  would  be  much  more  prone  to  reach  the  seat  of  ig- 
neous agency  through  the  natural  chinks  and  fissures,  by  which  the 
earth  is,  more  or  less,  intersected,  and  therefore,  this  is  an  addi- 
tional reason  to  prove,  that  the  oceanic  waters  are  principally  ac- 
tive in  producing  volcanos. 

It  does  not  however  follow,  that  the  volcano,  which  is  fed  by 
the  waters  of  the  ocean,  must,  of  course,  be  submarine ;  it  may 
break  out  either  through  the  communication,  by  which  the  water 

*  This  does  not  exclude  the  supposition,  that  some  of  these  yolcanos  may  have 
continued  to  be  active  after  the  land  was  uncovered,  and  after  they  had  thus  ceaied 
toheiab-marine. 
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was  admitted,  or  elsewhere,  under  the  sea  or  the  land,  aceording 
to  circumstances,  depending  upon  the  strength,  nature,  and  con- 
nexions of  the  superincumbent  strata. 

Professor  Daubeny  founds  his  explanation  of  the  causes  of  vol- 
canos,  upon  the  very  interesting  discovery  of  Sir  Humphrey  Da- 
vy, ^^  that  the  solid  constituents  of  our  globe  all  contain  some  in- 
flammable principle,  and  owe  their  present  condition  to  the  animi 
of  this  principle  with  oxygen,^^  and  he  thinks  it  by  no  means  im- 
probable, *^  that  at  a  certain  depth,  beneath  the  surface,  at  which 
atmospheric  air  is  either  wholly  or  partially  excluded,  those  sub- 
stances may  still  exist  in  their  pure  unoxidized  state.** 

As  they  do  not  and  cannot  exist,  at  the  surface  of  the  ground, 
no  analogous  phenomena  can  happen  under  our  observation, 
and  we  are,  therefore,  at  liberty  to  reason  strictly  with  reference 
to  the  known  action  of  the  subtances  in  question. 

Water  having  access  to  them,  would  be  decomposed,  great 
heat  would  be  generated,  suflicient  to  melt  the  rocks  and  the 
stony  matter,  formed  by  the  oxidizement  of  the  metalloids ;  im- 
mense quantities  of  gas  and  of  steam  would  be  thus  evolved,  and 
all  the  mechanical  effects  so  familiar  in  volcanic  eruptions  and 
earthquakes,  would  occur. 

The  composition  of  the  lava  of        That  of  Santa  Vennera,  Pied- 
Catania,  near  Etna,  as  ascer-  mont,  west  of  Etna,  is, 
tained  by  Dr.  Kennedy,  is, 

Silex,  51.  50.75 

18.5 

10. 

14.35 

4. 

1. 

Prof.  Daubeny  has  reviewed  the  structure  and  mineralogical 
and  chemical  composition  of  the  volcanic  masses,  in  order  to 
shew  the  correspondence  of  facts,  with  the  theoretical  views 
which  he  has  adopted,  and  it  must  be  allowed,  that  he  has  so  far 
made  out  his  case,  that  there  appears  to  be  nothing  connected 
with  volcanos,  which  is  materially  at  variance  with  the  supposi- 
tion of  their  origin  from  metallcnds,  acted  on  by  water. 
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There  is  good  evidence  that  '^volcanos  have  universally  broken 
out  amongst  the  older  formations,  or  those  most  near  to  the  nu- 
cleus, whatever  it  may  be,  of  the  globe."  The  lavas  themselves 
appear  to  be  the  materials  of  primitive  rocks  altered  by  fire,  and 
the  accidentally  imbedded  fragments  are  portions  of  primitive 
rocks.  It  seems  to  be  irresistibly  inferred,  that  the  seat  of  vol- 
canic action  is  deep,  because  the  immense  masses  ejected  from 
such  mountains  as  Vesuvius  and  Etna  do  not  exhaust  them — be- 
cause the  materials  are  raised  to  a  vast  height,  as  at  Teneriflfe 
and  Cotopazi,  and  because  the  mountains  are  not  oflen  shatter- 
ed by  the  tremendous  explosions,  which  would  blow  up  any  su- 
perficial strata  into  the  air. 

Conclusion. — Theory  of  Volccmos. 

In  concluding  this  account  of  volcanic  phenomena,  and  of 
their  possible  and  probable  causes,  we  may  be  permitted  to 
observe — 

That  the  act  of  creative  energy,  admitted  alike  by  religion  and 
philosophy,  necessarily  implies  the  production  of  all  the  elements 
of  which  our  physical  universe  is  composed.  How  far  these  ele- 
ments were  originally  united  in  binary,  ternary,  or  still  more  com- 
plex combinations,  we  cannot  possibly  know.  The  revelation  of 
this  fact,  not  being  necessary  to  our  moral  direction,  has  been 
withheld  by  the  Creator,  and  we  know  only — that  ^^  In  the  begin- 
ning God  created  the  heavens  and  the  earth."  As  to  the  actual 
condition  of  the  elements,  at  that  primeval  period,  science  may 
fairly  enquire,  and  is  justified  in  reasoning  within  the  limits  pre- 
scribed by  our  moral  condition  and  intellectual  powers. 

In  the  present  state  of  chemical  science,  our  elementary  bo- 
dies are  divided,  very  nearly,  between  the  two  classes,  combusti- 
bles and  metals,  which  really  form  but  one  class — and  those  agents, 
which  firom  their  acting  with  peculiar  energy  upon  the  com- 
bustibles and  metals,  and  altering  their  properties,  are  called  by 
some,  supporters  of  combustion ; — they  are  oxygen  and  chlorine, 
and  some  add  iodine.* 

*  There  fetmi  to  be  no  reifoaCMrmentiooiiig  the  imegisaiy  body  called  floorii^ 
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however  obvtoiM,  that  this  intense  action  would  set  bounds  to 
itself;  and  that  the  chemical  combinations  would  cease,  when 
the  crust  of  incombustible  matter  thus  formed,  had  become  suffi- 
ciently thick  and  firm,  to  protect  the  metals  and  combustibles, 
beneath,  fi^m  the  water  and  the  air,  and  other  active  agents. 

As  we  are  not  now  giving  a  theory  of  the  earth,  but  merely 
stating  the  conditions  of  a  problem,  we  forbear  to  descant  up^ 
on  many  obvious  collateral  topics,  or  to  pursue  the  primitive  rock 
formations,  through  the  vicissitudes  which  might  have  attended 
them.  We  do  not  even  say,  that  we  believe  that  such  events 
as  we  have  endeavored  to  describe,  did  actually  happen ;  we 
say  only  that  thehr  existence  is  consistent  with  the  known  prop* 
erties  of  the  chemical  elements,  and  with  the  physical  laws  of 
our  planet.  Supposing  that  such  was  the  actual  progress  of 
things,  it  is  obvious  that  the  oxidated  crust  of  the  globe,  would 
still  cover  a  nucleus  consisting  of  metallic  and  inflammable  mat- 
ter. Of  course,  whenever  air  and  water,  or  saline  and  acid  fluf 
ids,  might  chance  to  penetrate  to  this  internal  magazine,  the 
same  violent  action  which  we  have  already  supposed  to  have 
happened  upon  the  surfece,  would  recur,  and  the  confinement 
and  pressure  of  the  incumbent  strata,  increasing  the  eflfects  a 
thousand  fold,  would  necessarily  produce  the  phenomena  of  earth- 
quakes and  volcanos. 

Still,  it  is  equally  obvious,  that  every  recurrence  of  such  eventSi 
must  oxidize  the  earth  deeper  and  deeper,  and  if  the  point  should 
ever  be  attained,  when  water  or  air  ceased  to  reach  the  inflaol^ 
mable  nucleus,  or  the  nucleus  were  all  oxidized,  the  phenomena 
must  cease,  and  every  approximation  towards  this  point  would 
render  them  less  fi^equent 

Does  this  correspond  with  the  actual  history  of  these  events  f 
Are  they  now  less  frequent,  than  in  the  early  ages  of  our  plan- 
et ?  The  extensive  regions,  occupied  by  rocks  of  acknowledged 
igneoos  origin,  but  where  fire  is  not  now  active,  wouU  seem  to 
fiiftor  this  idea,  but  the  answer  to  this  question  must  depend  so 
jnuch  upon  the  theoretical  views  entertained  of  the  formation  of 
fp'anite,  «nd  of  the  other  primitive  rocks,  that  it  may  be  impos- 
«bie,  81  ipresant,  to  bnag  it  to  a 
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Whatever  Ire  may  think  of  the  hypothesis  now  detailed,  may 
we  not  suppose,  with  sufficient  probability,  that  those  Voltaic 
powers  which  we  know  to  exist — whose  action  we  can  command, 
and  whose  effects,  having  been  first  observed  within  the  memo- 
ry of  the  present  generation,  now  fill  us  with  astonishment,  are 
constantly  active  in  producing  the  phenomena  of  earthquakes 
and  voicanos. 

Arrangements  of  metals  and  fluids  are  the  common  means  by 
which  we  evolve  this  wonderful  power,  in  our  laboratories ;  and 
it  would  seem  that  nothing  more  than  juxta  position,  in  a  certain 
order,  is  necessary  to  the  effect.  Even  substances  apparently 
dry  and  inert,  with  respect  to  each  other,  will  produce  a  perma- 
nent, and  in  proportion  to  the  means  employed,  a  powerful  ef- 
fect ;  as  in  the  columns  of  De  Luc  and  Zamboni.  It  would  seem 
indeed,  that  metals  and  fluids  are  not  necestary  to  the  ^ect 
Arrangements  of  almost  any  substances  that  are  of  difierent  na- 
tures, will  cause  the  evolution  of  this  power.  Whoever  has  wit- 
nessed the  overwhelming  brilliancy  and  intense  energy  of  the 
great  galvanic  combinations,  especially  of  the  deflagrator  of  Dr. 
Hare,  and  considers  how  very  trifling,  in  extent,  are  our  largest 
combinations  of  apparatus,  compared  with  those  natural  arrange- 
ments of  earths,  salts,  metals  and  fluids,  which  we  know  to  exist 
in  the  earth,  in  circumstances  similar  to  those,  which,  in  our 
laboratories,  are  effectual  in  causing  this  power  to  appear,  will 
not  be  slow  to  believe,  that  it  may  be  in  the  earth,  perpetually 
evolved  and  perpetually  renewed  ;  and  now  mitigated,  suppres- 
sed or  revived,  according  to  circumstances  influencing  the  par- 
ticular state  of  things  at  particular  places. 

In  our  laboratories,  we  see  emanating  from  this  source,  intense 
light,  irresistible  heat,  magnetism  in  great  energy,  and  above  all, 
a  decomposing  power,  which  commands  equally  all  the  elements 
and  the  proximate  principles  in  all  their  combinations. 

Sir  Humphrey  Davy,  after  discovering  that  the  supporters  of 
combustion  and  the  acids,  were  all  evolved  at  the  positive  pole, 
and  the  combustibles  and  metals,  and  their  oxidated  products, 
at  the  negative — proved,  that  even  the  firmest  rocks  and  stones 
could  not  resist  this  power,  their  immediate  principles  and  de- 
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mente  being  separated  by  its  energy.  The  decomposition  of 
the  alkalies,  ei^ths,  and  other  metallic  oxides  being  a  direct  and 
DOW  familiar  eflfect  of  Voltaic  energy — their  metals  being  set  at 
liberty,  and  being  combustible  both  in  air  and  water— elastic 
agents  produced  by  this  power,  and  rarefied  by  heat,  being  also 
attendant  on  these  decompositions,  U  would  seem  that  the  first 
principles  are  fully  established  by  experiment,  and  that  nothing 
is  hypothetical,  but  the  application  to  the  phenomena  of  earth- 
quakes and  volcanos. 

It  appears  an  important  recommendation  of  the  present  view, 
that  causes  are  here  provided  which  admit  of  indefinite  contin- 
uance, and  of  unlimited  renovation.  There  appears  no  reason 
why,  on  the  whole,  the  phenomena  should  cease,  as  long  as  the 
earth  exists.  It  has  therefore  the  great  Newtonian  requisites  of 
a  good  theory  ;  its  principles  are  true^  and  it  is  sufficient. 

It  has  this  additional  advantage — it  embraces  all  that  is  possi- 
ble in  former  theories.  Coal,  lignite,  sulphur  and  petroleum, 
and  fermenting  pyrites,  will  all  conspire  with  the  great  opera- 
tions, at  which  we  have  so  briefly  hinted.  Burnt  substances  will 
return  again  to  their  combustible  condition,  and  combustibles  will 
burn  anew,  in  unlimited  succession.  Heat,  light,  electricity,  mag- 
netism, decompositions  and  recompositions  without  limit  and  with- 
out number, — the  evolution  of  elastic  fluids  in  boundless  quantities, 
and  all  the  violent  mechanical  effects,  which  their  action  is  known 
to  produce ;  these  are  among  the  known  and  familiar  effects  of 
this  power,  and  all  the  materials,  necessary  to  render  it  active, 
are  existing  in  the  earth,  on  a  scale  of  immense  extent.  These 
suggestions  might  be  fortified  by  many  particulars.  At  present 
they  are  thrown  out,  as  leading,  although  not  entirely  original 
thoughts.* 

*  The  present  hypothesifl  does  not  exclude  the  tubeequent  action  of  water,  in 
ditiolying  chemically,  or  disintegrating  mechanically,  the  crust  of  the  globe.  If  that 
which  is  described  in  the  text,  were  the  first  state  of  the  planet  as  it  came  fitMn  the 
hand  of  the  Creator,  the  next  step,  as  we  certainly  know,  was  to  surround  it  with 
water;  and  then,  water,  fire,  and  all  the  great  chemical  agents  cooperating;  all  that 
has  been  detailed  in  the  preceding  sketch  would  seem  to  follow,  as  a  natural  con- 
■sqnence. 
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SUMMARY. 

1.  In  the  beginnings  God  created  the  heavens  and  the  earthy 
and  established  the  physiccj  laws,*  by  which  the  material  world 
was  to  be  governed. 

2.  The  earhest  condition  of  the  surface  of  our  planet,  of  which 
we  liave  any  certain  knowledge^^  was  th  ^t  of  a  dark  abyi«s  of  wa< 
ters,  of  unknown  deptli  and  coiitinuw^e.  ^^ 

3.  The  structure  of  the  crust  of  the  planet  afTor^decisive  ev- 
idence of  a  series  of  events,  in  reluti.m  both  to  the  formation  of 
Tocks,  and  to  the  creation  and  succession  of  organized  bodies 
of  which  many  of  them  contain  such  astonishing  quantities. 

4.  Time,  and  order  of  time ;  event;  succession  and  revolution 
are  plainly  recorded  in  the  earthy  and  qo  history  or  truiiition 
contradicts  the  supposition,  that  the  events  involved  both  time 
and  order  of  time. 

5.  Geology  cannot  decide  on  the  amount  of  time,  but  con- 
cludo**  tlidt  there  was  enough  to  cover  all  the  events  connected 
with  the  formation  of  the  mineral  masses,  and  with  a  great  many 
gencration.s  of  living  beings,  whose  remains  are  found  preserved 
in  the  strata. 

6.  The  deepest  rocks — the  foundations  upon  which  the  others 
repose — being  miiiiily  cryslaline,  bc^iring  marks  of  a  chemical 
origin,  and  being  destitute  of  fragments,  and  of  organized  re- 
mains, arc  regarded  as  the  oldest,  and  arc  called  primitive. 

7.  The  rocks,  callocl  transition,  are  partly  chemical  and  crys- 
taline,  and  partly  mechanical,  and  include  remains  of  plants^  and 


**  Beautifully  styled  in  sncrcd  writ,  "  the  onlinauecs  of  heaven.'' 

i  Wi»  <!o  not  crclitde  the  hypothesis  of  an  orij^nal  aetion  of  fire;  it  is  not  material 

to  (leride  whether  the  rrri/  fu-st  ageney,  wa-*  Igiieou?  or  aqueoii9;  it  seeing  certain. 

that  they  were,  very  early,  eooxislent. 
t  Wooil  ami  terrestrial  plants  are  found  in  mo'^t  rocks,  from  the  old  red  samHone 

upwards,  and  in  fact,  in  the  order  of  rocks  immediately  beneath,  t.  e.  the  tran»i»»')n; 

province  that  dry  land  u\u<*  have  existed,  utorc  or  les!*,  previous  to,  or  at  the  time  of 

the  formation  (if  :ooiii  of  the  jp  rocks.    Wc  may  Buppow,  tberefore,  that  pondi,  laker 

and  riveri,  existed  also.— De  La  Becht^s  View. 


*'      ■  ■ 
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